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USAFSAM  REVIEW  AND  ANALYSIS  OF 
RADIOFREQUENCY  RADIATION  BIOEFFECTS  LITERATURE 


INTRODUCTION 

The  objectives  of  this  project  are  to  acquire,  review,  and 
analyze,  on  an  ongoing  basis,  information  on  research  pertaining 
to  the  biological  effects  of  radiofrequency  radiation  (RFR) ,  and 
to  provide  periodic  technical  reports  of  our  findings  and  assess¬ 
ments  to  the  USAF  School  of  Aerospace  Medicine  (USAFSAM)  in  speci¬ 
fied  formats. 

The  first  interim  technical  report  is  for  the  period  from 
1  March  through  31  August  1980. 


METHODOLOGY 

Thousands  of  scientific  papers,  reports,  books,  summaries, 
and  abstracts  (referred  to  collectively  as  "documents")  have  been 
published  on  the  bioeffects  of  RFR  and  related  fields.  References 
to  most  of  these  documents  are  readily  available  through  the 
various  abstracting  services.  Therefore,  needless  duplication  of 
such  services  will  be  avoided.  Instead,  the  approach  being 
pursued  in  this  project  is  to:  (1)  select  documents  that  are,  in 
our  judgment,  representative  of  prior  and  current  research  on 
various  RFR-bioef fects  topics,  (2)  analyze  in  detail  the  contents 
of  each  such  document,  (3)  assess  the  validity  and  the  signifi¬ 
cance  of  the  results  presented,  and  (4)  summarize  periodically 
the  current  status  of  research  on  each  major  topic. 

The  intent  is  to  prepare  the  analysis  of  each  document  in  a 
format  that  permits  easy  storage  of  the  information  in  a  computer 
at  USAFSAM  and  retrieval  of  each  entire  analysis  by  means  of  any  of 
several  coded  designators,  e.g.,  by  major  topic,  frequency,  modu¬ 
lation  (pulsed  or  CW) ,  species,  etc.  Thus,  it  will  be  possible 
to  use  any  specific  designator  code  to  search  for  and  retrieve 
all  of  the  analyses  pertinent  to  that  designator.  At  present,  the 
text  of  each  analysis  is  being  prepared  and  submitted  to  USAFSAM 
in  an  optical  character  recognition  (OCR-B)  font,  to  permit  direct 
storage  of  the  information  without  retyping.  The  software  for 
subsequent  retrieval  is  being  developed  by  USAFSAM. 

A  list  of  the  major  topics  under  study  (selected  by  agreement 
with  USAFSAM)  is  shown  in  Figure  1.  The  numerical  designator 
preceding  each  topic  was  assigned  arbitrarily  for  coding  purposes. 
Some  topics  include  more  specific  subheadings  as  appropriate. 

For  example,  the  "RFR  auditory  effect"  is  a  subheading  of  "Nervous 


1  Epidemiologic 

2  Mutagenic  and  cytogenetic 

3  Teratogenic  and  developmental  abnormalities 

4  Ocular 

5  Nervous  system 

6  Behavioral 

7  Endocrinological 

8  Immunological 

9  Biochemical/physiological 

10  Cellular 

11  Mechanisms  of  interaction 

12  Environmental 

13  Medical  applications 

14  Review 

15  Ecological 

16  Physical  methods/dosimetry 

17  Other 

18  Drug  interactions 

Figure  1.  Type  of  study. 


Authors : 

Title: 

ISSN  and  citation: 

Study  type:  (code  and  topic;  in  vivo/in  vitro;  species) 
Effect  type: 

Frequency/wavelength : 

Modulation: 

Power  densities: 

SAR: 

Exposure  conditions: 

Author  abstract  or  reviewer  summary: 

Other  information: 

Initial  or  final  critique: 

References : 


Figure  2.  Outline  form  for  analyses. 


system."  However,  assignment.  of  numerical  designators  for  such 
subheadings  is  not  contemplated  at  present. 


The  basic  outline  form  being  used  for  analyzing  each  document 
is  shown  in  Figure  2.  The  authors,  title,  and  publication  cita¬ 
tions  are  given  in  one  of  the  formats  commonly  used.  In  addition, 
if  an  International  Standard  Serial  Number  (ISSN)  has  been 
assigned  to  the  document  and  is  available,  it  is  included  with  the 
citation.  However,  it  should  be  noted  that  the  manner  in  which 
ISSNs  are  assigned  varies  with  the  publication.  To  illustrate 
this  point,  the  paper  by  0.  P.  Gandhi,  "State  of  the  Knowledge  for 
Electromagnetic  Absorbed  Dose  in  Man  and  Animals,"  Proc.  IEEE, 

Vol.  68,  No.  1,  pp.  24-32  (Jan  1980) ,  has  been  assigned  the  ISSN 
0018-9219/80/0100-0024,  in  which  the  first  eight  digits  represent 
the  journal  and  the  next  two  the  year  of  the  issue.  The  next 
four  digits  represent  the  number  or  month  of  the  issue  and  the 
last  four  the  first  page  of  the  paper.  Similarly,  the  paper  by 
A.  W.  Guy  et  al.,  "Circularly  Polarized  2450-MHz  Waveguide  System 
for  Chronic  Exposure  of  Small  Animals  to  Microwaves,"  Radio  Sci., 
Vol.  14,  No.  6S,  pp.  63-74  (Nov-Dec  1979) ,  Has  been  assigned  the 
ISSN  0048-6604/79/1112-S010 ,  in  which  the  first  ten  digits  have 
the  same  meaning  as  before.  However,  the  next  four  represent  the 
months  rather  than  the  issue  number,  and  the  last  group  of  four 
symbols  indicates  that  the  issue  is  a  supplemental  one  and  that 
the  paper  is  the  tenth  one  in  the  issue  (rather  than  the  first 
page  of  the  paper) . 

For  each  document  under  review,  one  or  more  pertinent  major 
topics,  preceded  by  their  numerical  designators  (from  Figure  1) 
are  listed  under  "Study  type. "  All  important  relevant  topics  are 
included  to  ensure  retrieval  under  any  one  of  them.  If  a  sub¬ 
heading  is  appropriate,  it  is  also  shown,  e.g.,  (5)  Nervous  system 

(calcium  efflux) .  In  addition,  whether  an  experimental  investiga¬ 
tion  was  performed  in  vivo  or  in  vitro  and  the  species  studied 
are  also  shown  under  this  heading. 

The  specific  effects,  phenomena,  biological  endpoints,  or 
other  characteristics  sought  or  studied  are  listed  under  "Effect 
type,"  e.g.,  "thresholds  for  auditory  perception  of  RFR. "  The 
next  four  headings  are  self-explanatory.  Information  such  as 
duration  of  RFR  exposure,  type  of  exposure  facility,  RFR  charac¬ 
teristics,  and  other  pertinent  data  is  given  under  "Exposure 
conditions . " 

The  analysis  per  se  beoins  with  a  verbatim  reproduction  of 
the  abstract  provided  by  the  authors  if  the  document  includes  one, 
and  we  use  the  heading  "Author  abstract"  to  indicate  this  fact. 
Under  "Other  information, "  we  then  summarize  any  important  infor¬ 
mation  in  the  text  of  the  document  that  was  not  included  in  the 
abstract,  and  cite  previous  work  by  the  authors  or  research  by 
others  on  the  same  topics,  if  pertinent,  but  without  commenting 
on  such  information.  If  the  document  does  not  contain  an  abstract, 
then  we  summarize  its  important  contents  in  detail  without  comment, 


a 


and  we  indicate  this  fact  by  using  the  heading  "Reviewer  summary." 
Any  pertinent  information  not  appropriate  for  the  summary  is  given 
under  "Other  information." 


If  the  document  contains  sufficient  information  to  permit  it, 
a  detailed  critique  of  its  contents  is  given  under  the  heading 
"Final  critique."  To  the  extent  possible  or  appropriate,  our  cri¬ 
tique  includes  analysis  and  evaluation  of:  the  data  presented, 
the  biological  and  engineering  methodology  used,  the  validity  of 
the  results,  how  the  findings  compare  with  those  of  other  investi¬ 
gations,  and  the  significance  of  the  findings  with  respect  to  the 
health  of  humans  (and/or  other  species)  exposed  to  RFR.  If  the 
document  contains  information  of  sufficient  importance  to  merit 
review,  but  lacks  basic  information  needed  to  perform  an  adequate 
critique,  then  we  so  state  and  use  the  heading  "Initial  critique," 
with  a  view  toward  seeking  or  awaiting  the  additional  information 
necessary  for  a  final  critique. 

If  we  allude  to  any  other  documents  as  part  of  our  analysis, 
then  these  are  listed  under  "References."  Complete  analyses  (in 
OCR-B  font)  of  various  papers,  illustrative  of  this  methodology, 
are  contained  in  the  Appendix  to  this  report. 


PROGRESS  DURING  THE  FIRST  HALF  YEAR 

The  early  part  of  the  period  was  devoted  primarily  to  the 
development  of  a  suitable  format  and  procedure  for  performing 
document  analyses  and  storing  them  in  the  USAFSAM  computer.  These 
efforts  led  to  the  adoption  of  the  outline  form  shown  in  Figure  2 
and  to  the  use  of  OCR-B  font  in  the  preparation  of  final  copies  of 
the  analyses.  After  completing  a  group  of  analyses,  they  are  typed 
into  our  word  processor,  proof  copies  are  obtained  and  corrections 
entered,  and  final  copies  in  OCR-B  font  are  produced  for  delivery 
to  the  USAFSAM. 

Concurrent  with  the  development  of  methodology,  we  began  to 
acquire  recently  published  documents  not  already  in  our  possession 
and  to  perform  analyses  on  selected  documents.  In  view  of  the 
large  number  of  documents  already  available  at  SRI,  we  decided 
that  it  would  be  most  productive  to  prepare  an  initial  base  of 
analyses  in  each  major  topic  by  selecting  and  analyzing  already 
published  journal  articles,  which,  in  our  judgment,  yielded  sig¬ 
nificant  positive  or  negative  findings  in  that  topic  or  were 
otherwise  seminal. 

By  the  end  of  the  period,  we  had  performed  a  total  of  60  com¬ 
plete  analyses,  of  which  43  were  in  final  format  (OCR-B  font)  and 
were  delivered  to  the  USAFSAM  on  18  September  1980  for  comment  and/ 
or  storage  in  the  USAFSAM  computer.  The  remaining  17  were  in  writ¬ 
ten  form  awaiting  typing  into  our  word  processor,  and  6  of  these 
have  since  been  processed.  Our  work  schedule  did  not  permit  us  to 
start  analyses  of  documents  pertaining  to  all  of  the  major  topics. 


so  we  deferred  startiny  those  having,  in  our  judgment,  relatively 
low  priority.  Wo  expert  to  foiupl  ete  the  initial  base  of  analyses 
early  in  the'  second  half  of  the  year.  When  we  do,  our  intent  is 
to  augment  t he'  information  on  each  topic  on  an  ongoing  basis  by 
selectinej  and  analyzing  publications,  reports,  books,  abstracts, 
and  presentations  that  are  more  recent  than  those  included  in  the 
mitial  base. 

The  49  analyses  completed  thus  far  in  final  format  are  listed 
and  included  under  their  respective  topics  in  the'  Appendix. 

Analyses  of  documents  pertaining  to  more  than  one  topic  are  listed 
under  all  appropriate  topics  but  are  not  duplicated.  Instead, 
reference  is  made  to  the  topic  under  which  the  analysis  is  included. 

We  have  also  begun  preparing  brief  collective  summaries  of 
the  state  of  knowledge  of  each  major  topic.  We  will  complete  these 
summaries  by  the  end  of  the  second  half  year,  based  on  the  analyses 
performed  by  then  and  on  our  prior  and  current  knowledge  of  studies 
not  analyzed  in  the  prescribed  format.  To  illustrate  the  format 
of  such  summaries,  we  have  also  included  the  summary  completed  on 
Epidemiology  in  the  Appendix  (preceding  the  analyses  under  that 
topic )  . 


PLANS  FOR  THE  SECOND  HALF  YEAR 

We  will  complete  the  initial  base  of  ana  1 y  as  early  in  the 
second  half  of  the  year  while  concurrently  continuing  to  acquire 
recent  documents. 

We  will  continue  to  perform  detailed  analyses  of  important 
publications,  reports,  books,  abstracts,  and  symposia  presentations 
to  augment  the  initial  base  during  the  remainder  of  the  period,  and 
will  assess  and  summarize  the  then  state  of  knowledge  on  each  topic. 

We  will  attend  important  symposia  and  other  meetings  devoted 
to  the  bioeffects  of  RFR  to  the  extent  permitted  by  available 
funds.  (Messrs.  Heynick  and  Krebs  attended  the  Second  Annual 
Meeting  of  the  Bioelectromagnelics  Society  in  San  Antonio,  Texas, 
14-18  September  1980.) 
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APPENDIX 


ANALYSES  OF  MAJOR  RFR-B ICEFFECTS  TOPICS  PERFORMED 
DURING  FIRST  HALF  YEAR  AND  SAMPLE  COLLECTIVE  SUMMARY 

(I)  EPIDEMIOLOGIC 

Retrospective  epidemiologic  studies  have  been  carried  out  to 
ascertain  whether  one  or  more  health-related  conditions  could  be 
associated  statistically  with  chronic  exposure  to  RFR .  Although 
the  exposures  involved  could  not  be  defined  well  in  terms  of  RFR 
characteristics  or  exposure  durations,  the  studies  do  provide 
almost  the  only  direction  information  available  on  possible  effects 
on  humans  of  RFR  exposure. 

To  date,  we  completed  analyses  of  12  representative  epidemi¬ 
ologic  studies  exclusive  of  those  dealing  primarily  with  RFR  cata- 
ractogenesis  (which  are  included  separately  under  "Ocular").  These 
12  studies  are  assessed  individually  and  collectively  below, 
followed  by  the  analyses  of  each  per  se. 

Collective  Summary 

In  Lilienfeld  et  al.  (1978),  the  purported  effects  of  irradi¬ 
ation  of  the  U.S.  Embassy  in  Moscow  were  studied  by  comparing  the 
health  of  U.S.  personnel  and  dependents  assigned  to  that  embassy 
with  those  assigned  to  other  Eastern  European  embassies.  They 

found  no  convincing  evidence  that  such  RFR  exposure  (up  to  18 

2 

,:W/cm  maximum  average  power  density)  affected  the  health  status 
of  those  at  the  Moscow  embassy.  Although  there  were  several 
limitations  in  the  study,  which  were  recognized  by  the  investiga¬ 
tors,  we  believe  that  their  findings  of  no  RFR-related  increases 
in  mortality  or  morbidity  are  valid. 

Sigler  et  al.  (1965),  in  studying  216  cases  of  Down's  syn¬ 
drome  (Mongolism)  and  matched  controls  in  Baltimore,  found  an 
association  between  the  occurrence  of  this  malady  and  the  presumed 


exposure  ot  the  lathers  to  RFR  from  radars.  In  a  later  study  by 
Cohen  et  al.  (1977)  ,  the  original  data  til  Sigler  et  al  .  were  reex¬ 
amined  together  with  data  on  128  additional  matched  case-control 
pairs.  They  found  no  statistically  siqnificant  differences  in  the 
occurrence  of  Mongol  ism  amomj  progeny  of  l  athers  who  were  probably 
exposed  to  RFR  and  those  who  were  probably  not,  and  it  seems  like! 
that  the  positive  finding  in  the  oriqina!  study  was  a  statistical 
anomaly.  However,  the  difficulties  in  determininq  differences  in 
RFR  exposure  between  case  and  control  fathers  by  military  records 
and  interviews  renders  the  validity  of  these  studies  inconclusive. 

Robinette  and  Silverman  (1977)  compared  mortality  and  mor¬ 
bidity  data  for  about  20,000  Naval  veterans  of  the  Korean  war  who 
were  assumed  to  have  been  occupationally  exposed  to  RFR  on  the 
basis  of  their  military  occupational  titles  with  about  21,000 
veterans  assumed  to  have  not  been  occupationally  exposed.  They 
found  several  statistically  siqnificant  mortality  differences 
between  the  two  groups,  but  indicated  that  these  differences  could 
not  be  interpreted  as  being  a  direct  result  of  RFR  exposure.  No 
results  on  morbidity  were  given.  The  two  groups  compared  in  this 
study  are  adequate  in  size  for  statistical  treatment  but  should  be 
characterized  as  a  high-exposure  and  a  low-exposure  group,  which 
vitiates  the  conclusions  to  some  extent.  Nevertheless,  the  find¬ 
ings  indicate  that  the  high-exposure  group  did  not  suffer  higher 
mortality  because  of  RFR  exposure,  and  that  the  death  rates  for 
both  groups  were  lower  than  those  for  the  comparable  age  groups  in 
the  U.S.  population  at  large. 

In  a  study  by  Peacock  ct  al.  (1971)  birth  certificates  filed 
during  1969-1970  from  Dale  and  Coffee  Counties,  Alabama,  in  which 
Fort  Rucker  is  Located,  showed  a  larger  number  of  clubfoot  cases 
than  the  expected  statewide  incidence,  and  a  more  detailed  study 
of  this  and  other  congenital  anomalies  in  the  six  counties  sur¬ 
rounding  Fort  Rucker  showed  higher  incidences  among  offspring  of 
military  personnel  than  for  the  state  as  a  whole.  Burdeshaw  and 
Schaffer  (1977)  examined  the  Alabama  anomaly  data  for  1968-1972 
in  detail,  using  more  appropriate  statistical  treatments  and 
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information  on  46  Alabama  hospital  characteristics  and  reporting 
procedures.  Most  of  their  findings  indicate  that  the  anomaly  inci¬ 
dence  rate  in  the  Fort  Rucker  area  is  not  unusually  high,  but  that 
;.ost  of  the  counties  having  anomaly  rates  in  the  upper  quartile 
were  in  a  contiguous  band,  indicating  the  existence  of  a  geo¬ 
graphically  distributed  anomaly  problem.  On  an  overall  basis, 
they  stated  that  it  could  not  be  concluded  that  an  unusually  large 
number  of  infants  having  congenital  anomalies  were  born  to  mili¬ 
tary  personnel  at  Fort  Rucker  or  to  other  residents  in  its  vicinity 
We  believe  that  the  geographically  distributed  birth  anomaly  prob¬ 
lem  in  Alabama  may  be  due  to  other  factors  than  exposure  to  RFR . 

S iekierzynski  (1974)  compared  the  health  status  and  fitness 

for  worV  of  507  persons  in  Poland  occupationally  exposed  to  pulsed 

2 

RFR  exceeding  0.2  mW/cm  average  power  density  (other  RFR  charac¬ 
teristics  not  specified)  with  a  group  of  334  workers  at  the  same 

2 

i nstallations  exposed  to  less  than  0.2  mW/cm  .  Clinical  tests 
included  ophthalmoscopic  examination  and  a  neurologic  check-up 
supplemented  by  psychologic  tests  and  EEG  recordings.  No  sta¬ 
tistically  significant  differences  between  the  two  groups  were 
found.  In  our  opinion,  the  lack  of  more  definitive  RFR  exposure 
data  vitiates,  but  does  not  invalidate  the  negative  findings  of 
this  study,  i.e.,  the  results  provide  no  evidence  for  RFR-induced 
effects  on  the  health  status  of  either  group. 

Kalyada  et  al .  (1974)  clinically  examined  a  group  of  special¬ 

ists  in  the  USSR  working  with  RFR  generators  in  the  40-200  MHz 
range  for  one  to  nine  years  and  reported  frequency  occurrences  of 
functional  changes  in  the  central  nervous  system  described  as  vege¬ 
tative  dysfunction  accompanied  by  neurasthenic  symptoms.  No 
organic  lesions  were  found,  but  among  the  many  specific  changes 
reported  were  deviations  in  the  physiochemical  and  functional 
properties  of  erythrocytes  and  leukocytes.  They  also  conducted 
experiments  with  human  volunteers  and  reported  functional  changes 
in  the  thermoregulatory  and  hemodynamic  systems  and  in  the  thermal , 
optical,  and  auditory  analyzers.  However,  no  RFR  intensity  values 
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were  given  tor  e  i  t  hot  t  he  |  la  lists  nr  the  volunteers,  and  most 
of  the  findings  were  presented  in  narrative  form,  with  no  actual 
data,  and  the  nature  of  the  control  group  studied  was  not 
described.  Consequently,  this  paper  provides  little  if  any  useful 
information  to  affirm  or  deny  the  occurrence  of  possible  adverse 
effects  of  occupational  exposure  to  RFR. 

K1 imkova-Deutschova  (1974)  surveyed  various  industrial  worker 
populations  in  Czechos lovak i a ,  includin')  metal  welders,  steel 
factory  workers,  plastic  welders,  technicians  operating  radio  or 
television  transmitters,  and  people  working  in  research  institutes 
and  other  industries  that  involve  exposure  to  RFR.  Miscellaneous 
administrative  staff  members  were  studied  for  comparison.  Fre¬ 
quencies  varied  according  to  the  place  of  exposure,  ranging  from 

0.5  to  150  MHz,  100  to  800  MHz ,  or  3  to  30  GHz.  The  power  densi- 

2 

ties,  where  specified,  ranged  from  0.1  to  3.3  mW/cm  .  A  sample 
of  352  workers  was  selected  from  530  people  considered.  The 
findings  included  elect roencephal ographic  disorders  (consisting 
of  synchronized  waves  of  high  amplitude  and  slow  rhythm)  and 
biochemical  changes  (such  as  elevation  of  fasting  blood  glucose, 
serum  beta- 1 ipoprotein ,  and  cholesterol).  Changes  in  brain-wave 
patterns  and  in  blood  sugar,  protein,  and  cholesterol  levels  were 
described  as  more  pronounced  in  the  people  exposed  in  the  3-  to 
30-GHz  range.  Although  the  author  states  that  differences  among 
groups  for  specific  manifestations  were  either  statistically  sig¬ 
nificant  (at  the  0.05  or  0.01  level)  or  were  not,  numerical  results 
or  their  statistical  treatment  were  not  given. 

Sadchikova  (1974)  presented  clinical  observations  on  the 

health  status  of  two  groups  of  USSR  RFR  workers.  Those  in  the 

2 

first  group  (1000)  were  exposed  to  up  to  a  few  mW/cm  ,  whereas 
those  in  the  second  group  (180)  were  exposed  to  values  rarely 
exceeding  several  hundredths  of  a  mW/cm‘ ,  both  at  unspecified 
"microwave"  frequencies.  A  group  of  200  people  of  comparable 
backgrounds  other  than  RFR  exposure  served  as  controls.  Sixteen 
kinds  of  symptoms  were  reported,  including  fatigue,  irritability. 


sleepiness,  partial  Loss  ot  memory,  bradycardia,  hypertension, 
hypotension,  cardiac  pain,  and  systolic  murmur.  In  the  higher- 
powo r-dens i t y  group,  the  incidences  were  hiqher  than  in  the 
lower-power-density  group  for  five  of  the  16  symptoms,  lower  for 
nine  symptoms,  and  about  the  same  for  the  remaining  two.  Inci¬ 
dences  in  the  control  group  were  lower  than  those  in  either 
exposed  group  for  15  of  the  16  symptoms.  A  few  subjects  of  the 
first  group  who  worked  under  unspecified  "unfavorable"  conditions 
developed  cataracts.  Although  bar  graphs  wore  included  that  show 
percentages  of  changes  in  the  16  symptoms  among  the  3  groups, 
statistical  treatments  of  the  data  were  not  provided,  so  whether 
any  of  the  reported  differences  were  statistically  significant 
cannot  be  ascertained.  The  occurrence  of  cataracts  in  the  few 
who  were  working  under  "unfavorable  conditions"  must  be  inter¬ 
preted  as  an  indication  of  exposure  to  power  densities  well  in 
excess  of  the  cataractogenesis  threshold. 

Pazderova  (1971)  reported  on  the  results  of  a  battery  of  medi¬ 
cal  evaluations  carried  out  on  58  employees  of  Czech  television 
transmitter  stations.  Exposure  frequencies  were  estimated  to 

range  from  48.5  to  230  MHz  at  field  intensities  equivalent  to 
2 

0  to  22  ,  W/cm  ,  with  a  mean  exposure  duration  of  7.2  years  (10.6 
hours/workday).  Electrocardiograms,  heart  and  lung  X-rays,  eryth¬ 
rocyte  sedimentation  rates,  urinalyses,  and  liver  function  tests 
were  conducted  as  well  as  hematologic,  serologic,  ophthalmologic, 
neurologic,  gynecologic,  psychiatric,  and  psychologic  examinations. 
The  only  statistically  significant  finding  was  that  the  mean  plasma 
protein  levels  were  higher  than  "normal"  values  taken  from  the 
Literature,  a  finding  that  even  the  author  finds  unexplainable, 
ihe  appropriateness  of  the  use  of  literature  control  values  is 
highly  questionable.  In  a  later  study  by  Pazderova  et  al .  (1974), 

t he  of  foots  of  RFR  on  blood  protein  rat  ios  were  reexamined.  In 
the  60-  to  JOO-Mllz  range,  51  people  were  exposed  to  fields  up  to 
about  0.02  mW/eiik'  ;  in  the  3-  to  10-Mllz  range,  19  people1  were 

expose,]  to  about  1  inW/cm^ ;  and  in  the  640-  to  I  r>00-kHz  range,  19 

') 

people  woe  exposed  to  about  0.8  mW/cm  .  A  group  of  50  workers 


served  as  controls,  but  the  authors  indicate  that  the  only  dit- 
terence  between  exposed  and  control  groups  was  that  those  included 
in  the  exposed  groups  had  worked  in  irregular  shifts  whereas  more 
than  half  of  the  control  people  had  only  worked  morning  shifts. 

The  results  showed  that  the  levels  of  blood  proteins  and  their 
fractions  were  within  normal  physiologic  limits,  both  the  mean 
and  individual  values,  but  statistically  significant  differences 
were  found  between  mean  values  for  the  exposed  and  control  groups. 
In  our  opinion,  the  absence  in  either  study  of  a  control  group 
that  had  received  virtually  no  RFR  exposure  renders  questionable 
that  any  differences  found  were  due  to  RFR  exposure.  It  is  likely 
that  the  altered  values  of  blood  proteins  (which  were  within 
normal  limits)  were  due  to  other  factors. 

In  overall  summary,  none  of  the  U.S.,  Polish,  and  Czechoslo¬ 
vakian  studies  analyzed  thus  far  offer  evidence  of  detrimental 
effects  associated  with  exposure  of  the  general  population  to  RFR. 
Consistent  with  the  voluminous,  earlier  Soviet  literature,  the 

Soviet  studies  offer  findings  that  occupational  exposure  to  RFR  at 

2 

average  power  densities  less  than  10  mW/cm  does  result  in  various 
symptoms,  particularly  those  associated  with  CNS  disorders. 

Because  the  USSR  symptomatology  has  never  been  reported  in  Western 
studies  and  because  there  are  marked  differences  between  Soviet 
and  Western  publications  in  the  procedures  used  for  reporting  data, 
any  prediction  of  possible  RFR  hazards  based  on  the  USSR  epidemio¬ 
logic  studies  would  require  acceptance  of  these  Soviet  findings 
at  face  value. 
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(1)  EPIDEMIOLOGIC 
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Appleton,  B.,  S.  Hirsh,  R.  0.  Kinion,  M.  Soles 
G.  C.  McCrossan,  and  R.  M.  Neidlinger, 

MICROWAVE  LENS  EFFECTS  IN  HUMANS 

Arch.  Ophthalmol.,  Vol.  93,  pp.  257-258  (1975)  (See  "Ocular" 
for  analysis.) 

Burdeshaw,  J.  A.  and  S.  Schaffer 

FACTORS  ASSOCIATED  WITH  THE  INCIDENCE  OF  CONGENITAL  ANOMALIES 
A  LOCALIZED  INVESTIGATION 

Final  Report,  Report  No.  XXIII,  24  May  1973-31  March  1976, 
Contract  No.  68-02-0791,  EPA  600/1-77-016  (March  1977) 

Cleary,  S.  F.  and  B.  S.  Pasternack 

LENTICULAR  CHANGES  IN  MICROWAVE  W0RKERS--A  STATISTICAL  STUDY 
Arch.  Environ.  Health,  Vol.  12,  pp.  23-29  (1966)  (See  "Ocular 
for  analysis.) 

Cleary,  S.  F.,  B.  S.  Pasternack,  and  G.  W.  Beebe 
CATARACT  INCIDENCE  IN  RADAR  WORKERS 

Arch.  Environ.  Health,  Vol.  11,  pp.  179-181  (1965)  (See 
"Ocular"  for  analysis.) 

Cohen,  B.  H.,  A.  M.  Lilienfeld,  S.  Kramer,  and  L.  C.  Hyman 
PARENTAL  FACTORS  IN  DOWN’S  S Y N D ROM E - R E S UL T S  OF  THE  SECOND 
BALTIMORE  CASE-CONTROL  STUDY 

In  E.  G.  Hook  and  I.  H.  Porter  (eds.),  POPULATION 
GENETICS-STUDIES  IN  HUMANS,  Academic  Press,  New  York, 
pp.  301-352  (1977) 

Kalyada,  T.  V.,  P.  P.  Fukalova,  and  N.  N.  Goncharova 
BIOLOGIC  EFFECTS  OF  RADIATION  IN  THE  30-300  MHZ  RANGE 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION.  Polish  Medical  Publishers, 
Warsaw,  pp.  52-57  (1974) 

K l i mkova-Oeut  schova,  E. 

NEUROLOGIC  FINDINGS  IN  PERSONS  EXPOSED  TO  MICROWAVES 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  268-272  (1974) 
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Lilienfeld,  A.  M .  ,  J.  Tonascia,  S.  Tonascia,  C.  H.  Libauer, 

G.  M .  Cauthen,  J  .  A.  Markowitz,  and  S.  Weida 
FOREIGN  SERVICE  HEALTH  STATUS  STUDY;  EVALUATION  OF  HEALTH 
STATUS  OF  FOREIGN  SERVICE  AND  OTHER  EMPLOYEES  FROM  SELECTED 
EASTERN  EUROPEAN  POSTS 

Final  Report,  July  31,  1978,  Contract  No.  6025-619073,  Dept,  o 
Epidemiology,  School  of  Hygiene  and  Public  Health,  The  Johns 
Hopkins  University,  Baltimore,  MD  (1978) 

Pazderova,  J. 

WORKERS'  STATE  OF  HEALTH  UNDER  LONG-TERM  EXPOSURE  TO 
ELECTROMAGNETIC  RADIATION  IN  THE  VHF  BAND  (30-300  MHz) 

Pracovni  Lekarstvi  (in  Czech),  Vol.  23,  No.  8,  pp.  265-271 
(1971).  English  translation;  JPRS  No.  UDC 
616-001.228.1-057-07  (1971) 

Pazderova,  J.,  J.  Pickova,  and  V.  Bryndova 

BLOOD  PROTEINS  IN  PERSONNEL  OF  TELEVISION  AND  RADIO 

TRANSMITTING  STATIONS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  MedicaL  Publishers, 
Warsaw,  pp.  281-288  (1974) 

Peacock,  P.  B.,  J.  W.  Simpson,  C.  A.  Alford,  Jr.,  and 
F.  Saunders 

CONGENITAL  ANOMALIES  IN  ALABAMA 

J.  Med.  Assoc.  Ala.,  Vol.  41,  No.  1,  pp.  42-50  (1971) 
Robinette,  C.  D.  and  C.  Silverman 

CAUSES  OF  DEATH  FOLLOWING  OCCUPATIONAL  EXPOSURE  TO  MICROWAVE 
RADIATION  (RADAR)  1950-1974 

In  D.  G.  Hazzard  (Ed.),  SYMPOSIUM  ON  BIOLOGICAL  EFFECTS  AND 
MEASUREMENT  OF  R A D 1 0 F R E Q U E N C Y / M I C RO W A  V E S ,  Dept,  of  Health, 
Education,  and  Welfare,  Washington,  D.C.,  HEW  Publication 
No.  (FDA)  77-8026  (1977) 

Sadchikova,  M.  N. 

CLINICAL  MANIFESTATIONS  OF  REACTIONS  TO  MICROWAVE  IRRADIATION 
IN  VARIOUS  OCCUPATIONAL  GROUPS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  261-267  (1974) 
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Siekierzynski,  M„ 

A  STUDY  OF  THE  HEALTH  STATUS  OF  MICROWAVE  WORKERS 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  273-280  (1974) 

Sigler,  A.  T-,  A.  M.  Lilienfeld,  B.  H .  Cohen,  and 
J.  E.  Westlake 

RADIATION  EXPOSURE  IN  PARENTS  OF  CHILDREN  WITH  MONGOLISM 
(DOWN'S  SYNDROME) 

Bull.  Johns  Hopkins  Hosp.,  Vol.  117,  pp.  374-395  (1965) 
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Burdeshaw,  J.  A.  and  S.  Schaffer 

FACTORS  ASSOCIATED  WITH  THE  INCIDENCE  OF  CONGENITAL  ANOMALIES: 

A  LOCALIZED  INVESTIGATION 

Final  Report,  Report  No.  XXIII,  24  May  1973-31  March  1976, 
Contract  No.  68-02-0791,  EPA  600/1-77-016  (March  1977) 

Study  type:  (1)  Epidemiologic,  (3)  Teratogenic  and 
developmental  abnormalities;IN-VIVO;HUMAN 

Effect  type:  RFR-induced  congenital  anomalies  among  white  and 

black  populations 

F r e quenc y / wa ve l eng t h :  Unknown 

Modulation:  Unknown 

Power  Densities:  Unknown 

SA  R :  Unknown 

Exposure  conditions:  Unknown 

REVIEWER  SUMMARY:  In  this  report,  the  Alabama  birth  record 
data  studied  previously  by  Peacock  et  al.  (1971)  were 
reexamined  for  possible  RFR-related  anomalies.  Instead  of 
using  statewide  averages  as  a  control  for  county  incidences, 
the  authors  compared  the  Coffee  and  Dale  County  data  (in  which 
Fort  Rucker  is  located)  with  those  of  each  of  the  other  65 
Alabama  counties  on  a  score  and  rank  basis.  They  also  sent 
questionnaires  to  46  Alabama  hospitals  to  acquire  more  detailed 
information  on  hospital  characteristics  and  reporting 
procedures  to  permit  prediction  of  expected  values  for  Lyster 
Army  Hospital  in  Fort  Rucker.  They  found  the  following 
evidence  against  the  conclusion  that  there  is  an  unusually  high 
anomaly  incidence  rate  in  the  Fort  Rucker  area: 

1.  During  the  study  period  July  1 968-December  1972,  the 
overall  rates  for  Coffee  and  Dale  Counties  rank  only  sixth  and 
eighth  among  the  67  counties  in  Alabama. 

2.  Although  the  two  highest  rates  in  a  sample  of  47  hospitals 
are  17.7  at  Lyster  Army  Hospital,  Fort  Rucker,  and  18.0  at  the 
Air  Force  Base  in  Montgomery  County,  there  are  five  other 
hospitals  in  the  Alabama  sample  that  have  rates  between  12.2 
and  14.5.  There  is  no  statistically  significant  difference 
between  these  rates  and  Lyster's. 

3.  Prediction  intervals  show  that  Lyster's  overaLl  rate  is 
well  within  what  would  be  expected  from  a  hospital  with 
Lyster's  characteristics. 

4.  When  the  addresses  of  the  mothers  of  anomalous  infants  were 
plotted  on  county  road  maps,  no  significant  clustering, 
especially  in  the  vicinity  of  presumed  radar  sites,  was 
apparent. 

5.  The  rates,  by  International  Classification  of  Diseases 
category,  from  Lyster  seem  to  be  consistent  with  rates  obtained 
from  carefully  controlled  studies,  such  as  one  reported 
recently  from  Mayo  Clinic.  Because  there  is  no  reason  to 
believe  that  Mayo's  rates  are  unusually  high,  they  should  serve 
as  a  reasonable  "normal  control"  for  the  Rucker  study. 
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6.  When  the  occurrences  of  anomalies  within  categories  with 
the  highest  rates  at  Lyster  are  plotted  on  a  time  axis, 
significant  clustering  is  apparent.  There  is  evidence  that,  in 
most  cases,  the  reporting  of  anomalies  within  a  cluster  may  be 
attributable  mainly  to  one  or  two  physicians,  rather  than  to 
the  several  physicians  on  the  staff  at  any  one  time. 

However,  they  cite  two  observations  that  prevent  the  dismissal 
of  the  anomaly  question: 

1.  The  two  highest  rates  from  the  hospital  survey,  at  Fort 
Rucker  and  Maxwell  AFB,  are  both  from  military  installations 
and  aviation  centers.  These  rates  cannot  be  explained  easily 
by  the  fact  that  military  hospitals  are  more  alert  to  the 
presence  of  an  anomaly,  because  the  rates  at  Redstone  Arsenal 
and  Fort  McClellan  in  Alabama  are  7.1  and  0.7,  respectively. 

2.  Thirteen  of  17  counties  with  overall  rates  in  the  upper 
quartile  lie  within  a  contiguous  band  that  has  one  terminus  in 
Houston,  the  south-easternmost  county  in  Alabama,  and  that 
extends  we s t- no r t hwe s t e r l y  to  Marengo,  one  county  removed  from 
the  Mississippi  state  line.  The  20  counties  in  the  southeast 
quadrant  of  Alabama  have  ten  counties  in  the  upper  quartile, 
and  this  is  more  than  can  be  explained  by  chance.  This 
phenomenon,  however,  may  involve  more  than  a  "military  base" 
explanation. 

Their  overall  conclusion  was  that  on  the  basis  of  the  birth 
record  data,  it  could  not  be  concluded  that  an  unusually  large 
number  of  infants  with  congenital  anomalies  were  born  to 
military  personnel  at  Fort  Rucker  or  to  other  residents  in  the 
immediate  area. 

OTHER  INFORMATION:  In  November  1973,  Peacock,  Williams,  and 

Nash  submitted  a  report  to  the  EPA  from  the  Southern  Research 
Institute  based  on  both  a  reexamination  of  the  birth-record 
data  included  in  the  1971  report  of  Peacock  et  al.,  and 
examination  of  additional  birth  records  so  that  a  four-year 
period  from  1968  to  1972  was  covered.  They  found  that,  on  the 
basis  of  the  four-year  data  and  after  making  adjustments  for 
"non-radar"  factors,  the  Lyster  Hospital  anomaly  rates  in 
several  categories  were  abnormally  high  for  all  anomalies, 
heart,  genital  organs  and  musculoskeletal  categories,  and  that 
the  evidence  was  strong  that  the  rates  were  also  abnormally 
high  for  fetal  deaths,  circulatory  and  respiratory  systems, 
cleft  palate,  and  in  the  s k i n- ha i r-na i l  categories.  Eglin  AFB 
Hospital  fetal  death  rate  was  nearly  identical  to  that  for 
Lyster  Hospital.  Upon  reevaluation,  the  apparently  high  rate 
for  clubfoot,  initially  a  category  that  pointed  most 
convincingly  to  a  localized  problem,  was  attributed  to 
reporting  differences.  However,  this  report  was  never 
published,  and  presumably  its  conclusions  are  moot,  in  view  of 
the  Burdeshaw  and  Shaffer  report. 

FINAL  CRITIQUE:  Based  on  the  data  presented  and  the 
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statistical  treatment  thereof,  there  is  Little  if  any  evidence 
toward  an  association  of  abnormal  incidences  of  congenital 
anomalies  and  exposure  to  RFR  at  the  levels  occurring  in  the 
vicinity  of  military  bases  using  radar  facilities. 

REFERENCES:  Peacock,  P.  B.  ,  S.  R.  Williams,  and  E.  Nash, 

RELATIONSHIP  BETWEEN  THE  INCIDENCE  OF  CONGENITAL  ANOMALIES  AND 
THE  USE  OF  RADAR  IN  MILITARY  BASES,  Final  Report,  Report 
No.  Ill,  Project  No.  3118,  Contract  No.  68-02-0791,  submitted 
by  Southern  Research  Institute  to  EPA  (Nov.  1973)  (unpublished) 
Peacock,  P.  B.  ,  J.  W.  Simpson,  C.  A.  Alford,  Jr.,  and 
F.  Saunders,  CONGENITAL  ANOMALIES  IN  ALABAMA,  J.  Med. 

Assoc.  Ala.,  Vol.  41,  No.  1,  pp .  42-50  (1971) 
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Cohen,  B.  H.,  A.  M.  Lilienfeld,  S.  Kramer,  and  L.  C.  Hyman 
PARENTAL  FACTORS  IN  DOWN'S  S YN D R OM E -R E S U L T S  OF  THE  SECOND 
BALTIMORE  CASE-CONTROL  STUDY 

In  E.  G.  Hook  and  I.  H.  Porter  (eds.),  POPULATION 
GENETICS-STUDIES  IN  HUMANS ,  Academic  Press,  New  York, 
pp.  301-352  (1977) 

Study  type:  (1)  Epidemiologic,  (2)  Mutagenic  and  cytogenetic; 

IN-VIVO;  HUMAN 

Effect  type:  Rad i at i on- i nduced  Down's  syndrome 

F re quen c y / w a ve l eng t h :  Unknown 

Modulation:  Unknown 

Power  Densities:  Unknown 

SAR:  Unknown 

Exposure  conditions:  Primarily  to  ionizing  radiation  for 
diagnostic  and  therapeutic  purposes 

REVIEWER  SUMMARY:  In  an  earlier  study  of  Down’s  syndrome  in 

Baltimore  for  the  period  from  Jan  1946  through  Sept  1962 
(Sigler  et  a l . ,  1965),  data  for  216  cases  and  216  control 
children  matched  for  hospital  of  birth  (or  at  home),  sex, 
birthdate  (within  6  months),  and  maternal  age  (within  1  year) 
at  time  of  birth  were  analyzed  for  statistically  significant 
differences  primarily  in  exposure  to  ionizing  radiation  used 
for  diagnostic,  fluoroscopic,  and  therapeutic  purposes,  but 
also  in  presumed  exposure  of  the  fathers  to  RFR  because  of 
military  service.  In  the  present  study,  the  data  from  the 
earlier  study,  denoted  as  the  "Original  Series,"  were 
reexamined,  together  with  the  data  regarding  128  additional 
matched  pairs  for  1945  and  for  Oct  1962  through  1968,  denoted 
as  the  "Current  Series."  More  detailed  questions  about  RFR 
exposure  and  military  service  were  incorporated  in  the  Current 
Series  questionnaires,  and  service  record  information  on  the 
fathers  was  acquired.  An  attempt  was  made  to  acquire  similarly 
detailed  data  on  the  fathers  of  the  Original  Series.  In 
addition,  a  chromosome  study  of  the  fathers  was  undertaken  to 
determine  whether  there  was  any  detectable  residual  damage  in 
the  chromosomes  of  the  peripheral  blood.  After  considering  the 
more  detailed  exposure  information,  the  following  findings  were 
reported  for  the  Current  Series:  15.7%  of  case  fathers  and 
21.3%  of  control  fathers  had  received  radar  exposure; 
combining  the  p ro ba b l y- e xp o s ed  with  the  de f i n i t e l y- e xpos ed 
groups,  the  corresponding  values  were  26.0%  and  28.3%.  The 
re-evaluated  Original  Series  values  for  de f i n i t e l y- e xp os ed 
fathers  were  18.6%  for  case  fathers  and  15.2%  for  controls,  and 
when  p ro ba b l y- e xpos ed  fathers  were  added  the  values  were  20.6% 
and  15.7%.  When  the  data  from  the  Original  Series  and  from  the 
Current  Series  were  combined,  the  values  for  case  vs  control 
fathers  were  17.4%  vs  17.5%  for  definitely  exposed  and  22.7%  vs 
20.6%  when  "some"  exposure  was  included.  None  of  the  foregoing 
comparisons  showed  statistically  significant  differences.  The 
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results  of  the  chromosome  studies  have  not  been  reported  yet. 
The  authors  concluded  that  the  Current  Series  did  not  confirm 
the  suggestions  of  the  Original  Series  that  there  was  either  an 
excess  of  radar  exposure  or  a  larger  proportion  of  fathers  with 
military  service  prior  to  the  conception  of  the  cases  of  Down's 
syndrome.  The  authors  note  that  "in  view  of  the  suggestive 
findings  of  the  original  series  with  regard  to  a  possible  radar 
association,  it  was  certainly  necessary  to  investigate  this 
question  further.  The  initial  steps  were  taken.  A  replication 
study  was  the  simplest  and  least  expensive  immediate  approach. 
Supplementing  it  with  the  independent  search  of  service  records 
added  an  objective  approach  eliminating  any  possible 
differential  in  parental  responses.  These  methods  having  been 
attempted  with  inconclusive  findings,  it  is  now  necessary  to 
look  to  the  prospective,  longitudinal,  surveillance  studies  to 
resolve  the  issue." 

OTHER  INFORMATION:  The  authors  remark  that  the  statistically 
significant  differences  in  medical  (ionizing)  radiation  history 
between  case  and  control  mothers  found  in  the  Original  Series 
were  absent  in  the  Current  Series.  They  speculate  that  this 
finding  may  be  ascribable  to  increased  awareness  by  medical 
practitioners  of  the  potential  health  hazards  of  ionizing 
radiation  to  women  in  the  child  bearing  years,  leading  to  more 
restricted  exposure. 

FINAL  CRITIQUE:  The  major  problem  with  this,  as  well  as  other 
retrospective  epidemiologic  studies  for  possible  RFR-induced 
bioeffects,  is  the  difficulty  in  determining  differences,  with 
any  degree  of  confidence,  in  exposure  levels  and  durations 
between  so-called  exposed  groups  and  unexposed  groups.  Records 
and  interviews  regarding  military  service,  even  at  stations 
where  the  use  of  radar  and  communications  systems  is  prevalent, 
rarely  provide  insight  into  actual  exposure  histories  for 
either  group.  In  view  of  the  absence  of  statistically 
significant  differences  between  the  incidence  of  Down's 
syndrome  and  "radar"  exposure  of  the  fathers  in  the  Current 
Series  and  in  the  combination  of  the  Current  and  the  Original 
Series,  the  positive  finding  of  such  an  association  in  the 
Original  Series  appears  to  be  a  statistical  anomaly. 

REFERENCES:  Sigler,  A.  T.,  A.  M.  Lilienfeld,  B.  H.  Cohen,  and 

J.  E.  Westlake,  RADIATION  EXPOSURE  IN  PARENTS  OF  CHILDREN  WITH 
MONGOLISM  (DOWN'S  SYNDROME),  Bull.  Johns  Hopkins  Hosp., 

Vol.  117,  pp.  374-395  (1965) 


K  a  l  y  a  d  a  ,  T.  V  .  ,  P.  P.  Fukalova,  and  N  .  N .  Goncharova 
BIOLOGIC  EfFECTS  OF  RADIATION  IN  THE  30-300  MHZ  RANGE 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  op.  52-57  (1974) 

Study  type:  (1)  Epidemiologic,  (5)  Nervous  system,  (6) 

Behavioral,  (8)  Immunological,  (9)  B i o c h em i c a l / p h y s i o  l  og  i  c a  l  ; 
IN-VIVO;  HUMAN 

Effect  type:  RFR-induced  health  changes 
Frequency/wavelength:  40-200  MHz 

Modulation:  Not  specified 

Power  Densities:  Not  given  other  than  "non-thermal  intensity" 

SAR:  Not  given 

Exposure  conditions:  Mostly  occupational  for  more  than  5 
years,  but  also  one  laboratory  investigation  with  human 
volunteers 

REVIEWER  SUMMARY:  A  group  of  specialists  (number  not  given) 
working  with  RFR  generators  from  1  to  9  years  was  given  complex 
clinical  examinations.  Frequent  occurrence  of  functional 
changes  in  the  central  nervous  system  was  reported.  The 
principal  form  of  neurodynamic  disturbance  was  vegetative 
dysfunction  accompanied  by  neurasthenic  symptoms.  No  organic 
lesions  were  found.  The  authors  state  that  the  relationship 
between  the  frequency  of  neurodynamic  disturbances  and  duration 
of  work  was  clear-cut.  Several  of  the  manifestations  were 
biohasic,  e.g.,  the  level  of  activity  of  thermal  receptors  was 
higher  for  those  employed  for  up  to  1  year  than  for  controls, 
and  was  lower  for  those  employed  for  3  to  9  years.  Among  the 
many  specific  changes  reported  were  deviations  in  the 
p h y s i o c h e m i c a l  and  functional  properties  of  erythrocytes  and 
leukocytes  including  lower  osmotic  resistance  of  leukocytes  and 
lower  phagocytic  reaction  that  led  to  weakened  i mmunob i o l o g i ca  l 
reactivity.  The  authors  also  report  the  following: 

"Experimental  data  obtained  in  volunteers  under  laboratory 
conditions  of  irradiation  mimicking  industrial  variants 
r o v e a l e d  certain  principles  concerning  general  physiologic 
responses  of  the  human  body  towards  electromagnetic  fields. 

The  t  hermoregulatory  system,  some  systems  of  hemodynamics  and 
thermal,  optical  and  auditory  analysers  proved  most 
functionally  reactive  and  sensitive  to  the  influence  of 
experimental  irradiation.  The  dynamics  of  functional 
deviations  were  compared  with  those  accompanying  the  presumed 
action  of  the  factor.  The  irradiation  was  systematic  with  daily 
15  min  exposures  and  the  30  days'  duration  of  each  series  of 
treatments.  The  ambient  temperature  ranged  from  22.6  to  23.4 
deg  C  with  relative  humidity  of  40-46%.  The  results  showed 
that  some  functional  deviations  took  place  during  irradiation, 
while  others  followed  it.  The  skin  temperature  of  distal  parts 
of  the  body  (hands,  feet)  was  elevated  during  the  whole  period 
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of  actual  irradiation  with  simultaneous  intensification  of  heat 
loss  through  emission  and  demobilization  of  heat  receptors. 

The  number  of  active  cold  receptors  sharply  increased." 

OTHER  INFORMATION:  No  RFR  intensity  values  are  given.  Most  of 
the  findings  are  presented  in  narrative  form,  and  no  actual 
data  are  cited.  Bar  graphs  depicting  changes,  relative  to 
controls,  of  a  few  specific  parameters  with  exposure  duration 
are  given,  but  the  nature  of  the  control  group  is  not  described 
and  no  statistical  treatment  is  presented. 

FINAL  CRITIQUE:  Because  of  the  lack  of  quantitative  data  on 
RFR  intensities  and  on  any  of  the  effects  relative  to  an 
unspecified  control  group,  this  paper  provides  little  if  any 
useful  information  to  affirm  or  deny  the  occurrence  of  possible 
adverse  effects  of  occupational  exposure  to  RFR. 

REFERENCES:  None 
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K l i m k o va - De u t s c ho va  ,  E. 

NEUROLOGIC  FINDINGS  IN  PERSONS  EXPOSED  TO  MICROWAVES 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  268-272  (1974) 

Study  type:  (1)  Epidemiologic,  (5)  Nervous  system,  (6) 

Behavioral,  (9)  B i oc h em i c a  l / p h y s  i  o  l  o g  i  c a  l ;  IN-VIVO;  HUMAN 
Effect  type:  Subjective  complaints,  subclinical  and  clinical 

man i festat ions 

F r e q u e n c y  /  w a v e l e n g t h  :  Various  in  range  0.45  MHz-30  GHz 
Modulation:  Various 

Power  Densities:  Up  to  400  V/m  (40  mW/cm.2  equiv.)  Av 
SAR:  Unspecified 

Exposure  conditions:  Various  occupational  situations 

REVIEWER  SUMMARY:  From  a  total  of  530  persons  in  various 

industrial  situations,  a  sample  of  352  workers  was  selected  and 
analyzed  by  computer  on  the  basis  of  119  parameters,  and 
divided  into  the  following  groups: 

1.  Workers  engaged  in  metal  welding,  exposed  to  frequencies 
ranging  from  0.5  MHz  up  to  3.5-32  MHz. 

2.  Workers  from  two  steel  factories  engaged  in  tempering  steel 
and  exposed  to  frequencies  of  0.45-150  MHz,  with  a  daily 
exposure  of  50-112  V/m,  and  occasionally  400  V/m. 

3.  Welders  of  plastics:  frequency  range  12-150  MHz,  daily 
exposure  20-57.7  V/m. 

4.  Technicians  operating  television  transmitters. 

5.  Workers  at  a  radio  transmitting  station  operating  at  a  wide 
range  of  frequencies,  from  6  MHz  up  to  30  MHz,  and  using  a 
pulsed  field  system. 

6.  Persons  exposed  to  radiation  in  the  3-13  cm  waveband 
working  in  industry  and  at  research  institutes  with  frequencies 
ranging  from  3  GHz  to  30  GHz.  Intensity  measurements  showed 
permissible  levels  in  some  places,  but  in  others  values 
exceeding  the  permissible  level  ten  or  more  times  were  found. 

7.  Persons  working  on  a  linear  particle  accelerator. 

8.  A  mixed  group  which  included  the  administrative  staffs  of 
two  factories,  who  were  not  directly  exposed  to  nonionizing 
radiation,  some  workers  with  exposures  of  less  than  300  MHz  and 
others  with  exposures  of  300-800  MHz. 

Among  the  general  conclusions  cited  were: 

(1)  Confirmation  that  disturbances  of  the  nervous  system  may  be 
divided  into  three  main  stages: 

(a)  The  neurasthenic  syndrome  with  autonomic  disorders, 

(b)  Pseudoneurasthenia  with  similar  subjective  complaints,  but 
with  microsymptoms  of  an  organic  nature,  especially  in  motor 
systems, 

(c)  Very  rare  cases  of  e n c ep h a t op a t h y  . 

(2)  The  occurrence  of  contralateral  responses  to  cerebellar  and 
e x t ra p y r a m i da  l  disturbances  facilitates  the  detection  of  early 
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5  i  jms  ot  extrapyramidal  syndromes,  which  are  identical  with 
those  caused  by  cerebellar  irritation. 

( 3  )  The  predominance  of  fatigue  in  certain  of  the  exposed 
groups  was  paralleled  by  a  reduction  in  vigilance,  as  noted  in 
the  EEG  recordings  and  in  earlier  studies  of  higher  nervous 
functions. 

(A)  The  occurrence  of  synchronized  EEG  activity,  with  slow 
rhythms  of  high  amplitude  similar  to  those  seen  in  epileptic 
seizures,  taken  in  conjunction  with  the  clinical  and 
biochemical  findings,  permits  the  conclusion  that  the 
involvement  of  the  nervous  system  is  Localized  in  the 
me  sod i en ce pha  l  i c  region.  Such  activity  is  seen  in  persons 
subjected  to  high  levels  of  exposure,  particularly  in  the  form 
of  a  pulsed  field. 

(5)  Possible  explanations  of  the  pathophysiology  include  direct 
penetration  of  the  radiation  into  the  midline  structures  and 
the  thermal  effect  in  the  cisterna  magna,  which  would  explain 
the  rare  cases  of  arachnitis  of  the  posterior  fossae  and  the 
cerebellar  phenomena.  The  rectangular  branching  of  the  blood 
vessels  of  the  temporal  and  basal  ganglia  explains  the  slowing 
of  the  blood  stream  in  these  parts  of  the  brain,  accompanied  by 
reduced  oxygenation.  It  may  be  assumeu  Lhat  the  subclinical 
paroxysmal  activity  is  induced  by  atkalosis  resulting  from 
these  disturbances. 

(6)  The  nonthermal  effects  and  reversible  neurotic 
manifestations  may  be  attributed  to  the  interruption  of 
synaptic  '.'■ansmission  and  to  changes  in  reflex  activity  under 
enzymatic  influences. 

Specific  findings  included  electroencephalographic  disorders 
(consisting  of  synchronized  waves  of  high  amplitude  and  sLow 
rhythm)  and  biochemical  changes  (such  as  elevation  of  fasting 
biood  glucose,  s  rum  b e t a- l  i pop ro t e i n ,  and  cholesterol). 

Changes  in  brain-wave  patterns  and  in  blood  sugar,  protein,  and 
cholesterol  levels  were  described  as  more  pronounced  in  the 
people  exposed  in  the  3-30  GHz  range. 

OTHER  INFORMATION:  The  author  points  out  that  "...when  the 

investigations  were  started  preventive  measures  were  not 
strictly  observed  and  less  attention  was  paid  to  the  hazards 
than  is  the  case  today.  Nowadays,  strict  hygienic  supervision 
of  working  places  prevents  the  development  of  serious  organic 
injury.  Our  previous  results  provide  useful  evidence  of  the 
nature  of  the  lesions  that  can  develop." 

FINAL  CRITIQUE:  The  field  intensities  cited  correspond  to  the 
free-space-equivalent  power  density  range  of  about  0.1  to  AO 
mW/cm.2,  which  overlaps  the  range  for  which  Western 
investigators  have  reported  positive  findings  in  animal  studies 
(but  not  necessarily  the  specific  effects  mentioned  by  this 
author).  The  author  states  that  differences  among  groups  for 
specific  manifestations  were  either  statistically  significant 
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Lilienfeld,  A.  M  .  ,  J.  Tonasci a,  S  .  Tonasci a,  C.  H.  Li bauer, 

G.  M  .  Cauthen,  J.  A.  Markowitz,  and  S.  Weida 
FOREIGN  SERVICE  HEALTH  STATUS  STUDY:  EVALUATION  OF  HEALTH 

STATUS  OF  FOREIGN  SERVICE  AND  OTHER  EMPLOYEES  FROM  SELECTED 
EASTERN  EUROPEAN  POSTS  . 

Final  Report,  July  31,  1978,  Contract  No.  6025-619073,  Dept,  of 
Epidemiology,  School  of  Hygiene  and  Public  Health,  The  Johns 
Hopkins  University,  Baltimore,  MD  (1978) 

Study  type:  (1)  Epidemiologic,  (8)  Immunological,  (9) 

Bi ochemi ca l /phy si ol ogi ca l ;  IN-VIVO;  HUMAN 

Effect  type:  Possible  RFR-induced  mortality  and  morbidity 
F re quen c y / wa ve l en g t h :  0.5  to  10  GHz;  max.  in  2-3  GHz 

Modulation:  Up  to  7  noise  bands,  each  a  few  MHz  wide 

Power  Densities:  Up  to  18  m i  c r o w a 1 1 s / c m  .  2  Av 
SAR:  Unknown 

Exposure  conditions:  Intermittent 

REVIEWER  SUMMARY:  The  U.S.  Embassy  in  Moscow  has  been 
subjected  to  RFR  since  1953,  the  year  after  the  U.S.  moved  its 
chancery  to  Checkovsky  Street.  Prior  to  1963,  the  presence  of 
RFR  was  detected  intermittently  during  routine  surveillances  of 
the  building,  at  which  time  continuous  monitoring  of  the 
signals  was  instituted.  The  signals  consisted  of  up  to  7  noise 
bands,  each  a  few  MHz  wide,  in  the  frequency  range  f  rout  0.5  to 
10  GHz,  with  maximum  amplitudes  in  the  2-3  GHz  range.  The 
maximum  incident  average  power  densities  and  exposure  durations 
varied  with  the  period:  5  m i  c r o wa 1 1 s / c m  .  2  for  9  hours/day  from 

1  953;  15  mi  c rowa 1 1 s / cm  .  2  for  18  hours/day  from  June  1  975  to 

February  7,  1  976;  and  less  than  1  mi  c r o wa 1 1 / cm  .  2  for  18 
hours/day  thereafter.  The  highest  average  power  density 
reported  was  18  mi  crowatts/cm.2  in  one  part  of  the  southeast 
corner  of  the  building,  where  beams  from  two  sources  converged. 
In  this  study,  the  health  of  U.S.  personnel  assigned  to  the 
Moscow  embassy  from  1953  to  1976  was  compared  with  the  health 
of  chose  assigned  to  other  Eastern  European  embassies.  Totals 
of  1,827  employees  and  1,228  dependents  were  identified  as 
having  been  at  the  Moscow  embassy  during  the  period.  The 
control  population  consisted  of  2,561  employees  and  2,072 
dependents  assigned  to  embassies  and  consulates  in  Budapest, 
Leningrad,  Prague,  Warsaw,  Belgrade,  Bucharest,  Sofia  and 
Zagreb  during  the  same  time  period.  Periodic  tests  for  RFR  at 
the  control  sites  showed  only  background  levels.  Medical 
reports  were  reviewed  for  1,209  Moscow  employees  and  834 
dependents.  The  corresponding  numbers  for  the  control  group 
were  1,882  and  1,507.  Health  questionnaires  were  returned  by 
969  Moscow  employees  and  1,129  control  employees.  There  were 
no  discernible  differences  between  the  Moscow  and  control 
groups  in  total  mortality  or  mortality  from  specific  causes, 
nor  were  there  differences  in  mortality  between  the  Moscow  and 
control  groups  of  dependent  children  or  adults.  With  the 


exception  of  cancpr-relateJ  deaths  among  female  employee  groups 
(both  Moscow  and  cnn'rol mortality  rates  for  both  Moscow  and 
control  groups  were  less  than  for  the  U.S.  population  at  large. 
Although  the  study  groups  uim-  subject  to  a  large  variety  of 
health  problems,  on  the  ba-  ,  of  the  medical  records  these 
problems  were  shared  nearly  equally  by  both  Moscow  and  control 
groups  with  two  exceptions:  the  Moscow  male  employees  had  a 

threefold  higher  risk  of  acquiring  protozoal  infections,  and 
both  men  and  women  of  the  Moscow  group  were  found  to  have 
slightly  higher  frequencies  of  most  of  the  common  kinds  of 
health  conditions  reported.  However,  the  authors  could  not 
relate  these  two  exceptions  to  RPR  exposure.  From  the  health 
questionnaire  information,  the  authors  reported  that  there  were 
some  excesses  in  the  Moscow  employee  groups  as  compared  with 
the  controls:  more  correctable  refractive  eye  problems,  more 
psoriasis  in  men  jnd  are  mi  a  in  women,  and  more  frequent  cases 
of  depression,  irritability,  difficulty  in  concentrating,  and 
memory  loss.  However,  the  authors  noted  that  "In  view  of  the 
possibilities  which  h a  a  been  publicized  of  the  increased  danger 
to  their  health  and  that  of  their  children,  it  is  not  at  all 
surprising  that  the  Moscow  group  might  have  had  an  increase  in 
symptoms  such  as  those  reported.  However,  no  relationship  was 
found  between  the  occurrence  of  these  symptoms  and  exposure  to 
microwaves;  in  fact,  the  four  symptoms  mentioned  earlier, 
which  showed  the  strongest  differences  between  the  Moscow  and 
Comparison  groups,  were  all  found  to  have  occurred  most 
frequently  in  the  group  with  the  least  exposure  to  microwaves." 
For  dependents,  the  authors  found  no  differences  between  the 
adult  Moscow  and  control  groups.  Moscow  dependent  children  had 
twice  as  high  a  frequency  :■  f  mumps  as  the  control  children. 

The  incidence  of  congenital  anomalies  occurring  in  children 
born  after  arrival  of  the  our.,,'-  at  the  duty  station  was 
comparable  for  the  Moscow  ■<:■■■■;  ;r:  roi  groups.  Finally,  the 

authors  summarized  a  ;  felt  o  w  s  .  "W;th  very  few  exceptions,  an 
exhaustive  comparison  of  ! he  Health  status  of  the  State  and 
non-State  Department  employees  who  nad  served  in  Moscow  with 
those  who  had  served  in  o  t  h  e  r  Eastern  European  posts  during  the 
same  period  of  time  revealed  no  differences  in  health  status  as 
indicated  by  their  m n - 1 a !  i  t  v  experience  and  a  variety  of 
morbidity  measures.  No  convincing  evidence  was  discovered  that 
would  directly  implicate  the  exposure  to  microwave  radiation 
experienced  by  the  employees  at  the  Moscow  embassy  in  the 
causation  of  any  adverse  health  effects  as  of  the  time  of  this 
analysis." 

OTHER  INFORMATION:  The  authors  of  this  study  recognized  and 

commented  on  the  limitations  placed  on  the  study  by  their 
inability  to  acquire  complete  sets  of  medical  records,  death 
certificates,  and  returned  h e a l  1  h  questionnaires,  and  by  the 
imprecision  of  the  c I  a  s  s i  f :  c  a  t i  o  n  of  the  individual  employees 


k 


according  to  probable  extent  of  RFR  exposure.  Furthermore, 
they  noted  that  the  highest  exposure  levels  were  recorded  late 
in  the  study  and  therefore,  for  the  subgroup  with  the  highest 
exposure,  the  period  of  time  during  which  health  effects  might 
become  apparent  was  the  shortest.  They  also  noted  that  the 
size  of  the  study  population  was  insufficient  to  detect  excess 
risks  that  were  less  than  twofold  for  many  of  the  medical 
conditions  studies.  Pollack  (1979)  briefly  summarized  the 
exposure  conditions  and  the  results  of  this  study.  Brief 
discussions  of  this  study  are  also  in  the  review  papers  by 
Silverman  (1979,  1980). 

FINAL  CRITIQUE:  Despite  the  limitations  of  the  study 
acknowledged  by  the  investigators,  their  findings  of  no 
RFR-related  increases  in  mortality  or  morbidity  appear  valid. 

It  should  be  noted  that  the  18  microwatts/cm. 2  maximum  level 
cited  was  applicable  to  one  part  of  the  embassy  and  only  if  a 
person  had  been  at  a  window  unclothed,  so  that  the  exposure 
levels  for  most  of  the  personnel  for  most  of  the  time  were 
probably  well  below  the  maximum  permissible  level  (5 
mi  c r ow a 1 1 s / c m  .  2 )  specified  in  the  USSR  standard  of  general 
population  exposure. 

REFERENCES:  Pollack,  H.,  EPIDEMIOLOGIC  DATA  ON  AMERICAN 

PERSONNEL  IN  THE  MOSCOW  EMBASSY,  Bull.  N.  Y.  Acad.  Med., 

V o l .  55,  No.  11,  pp.  1  1  82-1186  (1979) 

0018-9219/80/0100-0078  Silverman,  C.,  EPIDEMIOLOGIC  STUDIES  OF 
MICROWAVE  EFFECTS,  Proc.  IEEE,  Vol.  68,  No.  1,  pp .  78-84  (1980) 
Silverman,  C.,  EPIDEMIOLOGIC  APPROACH  TO  THE  STUDY  OF  MICROWAVE 
EFFECTS,  Bull.  N.Y.  Acad.  Med.,  Vol.  55,  No.  11,  pp  .  1166-1181 
(1979) 


•’  .1  Z  d  V  I  U  V  ,J  ,  ,1  . 

WORKERS'  SIATE  OF  HEALTH  UNDF.R  LONG-TFRM  EXPOSURE  TO 
t I  r CT ROMAGNF T IC  RADIATION  IN  THE  VHF  BAND  (30-300  MHz) 
t’r  jtnvn  i  Lekarst  vi  (in  Czech),  Vol.  23,  No.  8,  pp.  265-271 
i,1971).  Eng  Ms  Ft  translation:  JPRS  No.  UDC 

616-001.228.1-057-07  (1971) 

Study  type:  (1)  Epidemiologic,  ( 4  )  Ocular;  (5)  Nervous  system, 

(6)  Behavioral,  (9)  6 i o c h e m i c a l / p h y s i o l o g i c a l ,  IN-VIVO;  HUMAN 
Effect  type:  RFR  induced  effects  on  health 

Frequency/wavelength:  48.5  to  230  MHz 

Modulation:  Video 

Power  Densities:  0  to  9.2  V/m  mean  (2.1 
n i c ro wa t t / c m . 2  equiv.) 

SAR:  Unknown 

Exposure  conditions:  Occupational  at  TV  stations  in 

Czechoslovakia 

AUTHOR  SUMMARY:  Fifty-eight  employees  of  television 

transmitter  stations,  49  males  and  9  females,  were  examined. 
Their  mean  age  was  32.1  years,  and  their  mean  length  of 
employment  at  television  transmitters  was  7.2  years.  The 
transmission  band  ranges  from  48.5  to  230  MHz.  The 
electromagnetic  field's  mean  intensity  was  2.9  V/m  (s  =  0.4, 
range  from  0  to  9.2  V/m).  The  mean  exposure  per  workday, 
computed  as  the  product  of  the  field  intensity  (V/m)  and  of  the 
period  of  exposure  (hours),  was  30.7  (s  =  3.8,  range  from  6.5 
to  97.1).  The  error  in  the  methods  of  measurement  is  given  as 
30  percent.  The  subjects'  state  of  health  was  evaluated  on  the 
basis  of  a  complete  medical  checkup  that  included  the  patients' 
history  and  the  following  tests:  ECG,  x-rays  of  heart  and 

lungs,  erythrocyte  sedimentation  rate,  urinalysis,  liver  tests, 
and  gynecological  examination  of  the  female  subjects.  The 
following  examination  and  test  results  were  compared  with 
control  groups  and  were  tested  for  statistical  significance: 
plood  pressure;  complete  blood  count  including  thrombocytes, 
protein  spectrum  and  blood-sugar  level;  and  ophthalmological, 
neurological,  psychiatric  and  psychological  examinations. 
Interpretat  ions  of  the  electroenceplialograms  will  be  published 
separately.  In  the  examined  subjects  we  found  no  sign  of 
damage  due  to  electromagnetic  radiation.  Among  the  laboratory 
test  results,  the  mean  plasma  protein  levels  were  significantly 
increased.  Even  though  we  do  not  regard  this  as  pathological, 
the  possibility  of  its  correlation  with  exposure  to 
electromagnetic  radiation  cannot  be  ruled  out.  The  other  test 
results  did  not  differ  from  those  of  the  control  groups. 

OTHER  I N FORMATION:  The  58  subjects  monitored  the  operation  of 

the  transmitters  during  most  of  their  working  shifts  and  they 
recorded  readings  and  performed  adjustments  and  maintenance  on 
the  transmitters  during  the  remainders  of  their  shifts.  The 
,  h !  f  t  s  were  of  varying  length  but  averaged  40  hours  per  week. 
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t-uli-,  ratio);  erythrocyte, 
liver  tests;  chest  x-rays; 
mu  s  of  the  8  females. 

f  or-  neurovegetat  ive  symptoms 
underwent  psychiatric 
onnaires  aimed  toward  detecting 
x  a  n  i  r>  a  t  i  o  n  s  were  also 

t'ca'ly  significant  finding  was 
eis  were  higher  than  "normal" 

,  a  finding  that  even  the 
appropriateness  of  the  use  of 
it  i  y  questionable,  and  the 
a  control  group  matched  for 
l  background."  See  also  the 
ct/ a  c-t  a  l  .  ,  1974). 

c  o  v  a  ,  and  V.  B'  yndova  ,  BLOOD 
7.  ON  AND  RADIO  TRANSMITTING 
i e  d  s .  > ,  BIOLOGIC  EFFECTS  AND 
•  T  I  o  N ,  Polish  Medical 
' ! N?4  ) 
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Pa-’derova,  J  .  ,  J  .  P  i  c  kova,  and  V .  Br  yndowa 

Li  L  0  0 D  PROTEINS  IN  PERSONNEL  OF  TELEVISION  AND  RADIO 

! PANS WITTING  STATIONS 

In  P.  izerski  et  a l .  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 

HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 

Warsaw,  pp.  281-288  (1974) 

Study  type:  (1)  Epidemiologic,  (9)  Biochemical/physiological; 

IN- VI  VO;  HUMAN 

effect  type:  RFR-induced  blood-chemistry  changes 

Frequency /wavelength:  640-1500  kHz;  3-30  MHz;  60-300  MHz 

Modulation:  Video  and/or  audio 

Power  Densities:  For  60-300  MHz:  up  to  10  V/m;  for  other 

oands:  up  to  65  V/m 

SAR;  Unknown 

Exposure  conditions:  Occupational  at  TV,  shortwave,  and 
standard  AM  radio  broadcast  stations  in  Czechoslovakia 
REVIEWER  SUMMARV:  Results  of  a  prior  investigation  of  the 
effects  of  occupational  exposure  to  TV  transmitters  in 
Czechoslovakia  (Pazderova,  1971)  had  indicated  no  changes  in 
wealth  status  except  for  modifications  of  the  blood  protein 
ratios  (e.g.,  gamma-globulin  percentages).  The  present  paper 
describes  results  of  repeating  the  investigation.  In  the 
60-300  MHz  (TV)  range,  51  people  were  exposed  to  fields  ranging 
from  about  0.5  to  9  V/m  (the  latter  corresponding  to  about  0.02 
nW/crn.2  f  ree-space  equivalent  power  density).  The  mean  age  of 
the  group  was  35.2  years  and  their  average  exposure  duration 
was  10.4  years.  In  the  3-30  MHz  ("SW”)  range,  19  people  with  a 
mean  age  of  39.3  years  were  exposed  for  an  average  of  16.8 
years  to  about  66  V/m  (about  1  mW/cm.2  equiv.),  and  in  the 
640-1500  kHz  ("MW")  range,  39  people  with  a  mean  age  of  41.3 
■/ears  were  exposed  for  16.8  years  to  about  55  V/m  (0.8  mW/cm.2 
equiv.).  A  group  of  59  workers  (35.4  years  mean  age)  served  as 
controls.  The  authors  indicate  that  the  only  difference 
oetween  exposed  and  control  groups  was  that  those  included  in 
the  exposed  groups  had  worked  in  irregular  shifts  whereas  more 
than  half  of  the  control  people  only  worked  morning  shifts. 

~he  results  showed  that  the  levels  of  blood  proteins  and  their 
factions  were  within  physiologic  limits,  both  mean  values  and 
n  d  i  v  i  d  u  a  l  r,nes,  but  statistically  significant  differences  were 
‘ounrl  between  the  mean  values  for  the  control  and  exposed 
j  rotir  s  .  Total  blood  proteins  were  significantly  higher  (to  the 
0.05  level)  for  the  MW  group  than  the  control;  the  alpha-one 
globulin  values  for  the  MW  and  SW  groups  were  significantly 
higher  C  t  o  the  0.01  level)  for  all  three  exposed  groups 
relative  to  controls,  with  the  greatest  elevation  for  the  SW 
group.  The  differences  for  alpha-two  globulins  were  not 
i g  n  .  f  icant,  but  the  gamma-globulin  level  was  depressed  for  the 
TV  group  and  elevated  for  the  MW  qroup.  The  authors  then 
r  *  a  t  o  : 


39 


i 


'  '  ‘  ‘  '  1:0  i  nij  ;•  (;  u '  *  '  ,  me  .  t  in-  data  from  t  ne  literature 

•-  •  »•  n  c  i>  of  h.ood  o  r  c  t  e  i  •  changes  in  person*  and 

a  n  i  m  a  i  r  «.•  xposed  to  f  t  e  i .  t  r  o  m  a  g  n  e  t  i  c  radiation.  To 

'  n  1  '  >• ,  ;  ne  r  at  ttr  of  the  changes  diverged  from 

a  r  i «» :>  c  i  ir.e.1,  as  we  aid  net  find  any  elevation  of 
t< »  -  i  n „  which  is  considered  to  be  typical.  We  are 
e*p'  -‘iii  this  difference,  unless  we  attribute  ;  t  to 
that,  c  o  1 1 1  r  j r  y  to  ncm  precious  investigation,  blood 
a  ■  r  e  c  f  <  a  ;  e  e  transmit  n  y  stations  immediately 
•  • r  r  in  elect  romagnet i c  feds.  This  explanation 
ei  ns  open  t d  >  :?  c  u  s  on  .  rne  more  pronounced  changes 

'  .**•'=  ’  -  :  a  ns  r  >  a  h  i  n«  ■  •  •.  r  i  n  e  d  to  the  higher  and  longer 

■  i  c.  p a  r  -i  o >;  »  :  Mi  '  v  tec  h n  i  c  i  a n  s  .  " 

1 1  rv  i'i  A  *  a  c  i  \  ■  o  n  r 

tOUl  .  The  abser.cn  o  f  -  'oifol  o  roup  that  received 
r' r  s.R  exposure  ■ enters  questionable  finding  of 

•  >'.  u  .  r  t  e ;  e  o  :  a  «  as  :r  itabte  to  R  F  R  exposure.  Moreover, 
a  •’>  slat  ist  ■  c  a  ;  l  y  i  it  r  i  1  ;  :  a  n  t  differences  in  blood 

:ve  .  v  were  eportea,  :  r , e  values  did  not  exceed  normal 
ic  -Hit's.  In  short,  tus  study  does  not  provide  any 
that  piron t •  exposure  to  the  ft  F  R  frequencies  and 
e»  vitro  had  any  d  i  s  c  a  r  r»  i  b  i  .?  effects  on  those  exposed. 

•  •  r  '  a1,  the  .-e ported  changes  in  bleed  protein  levels 

to  ,i  l> *•  ■  i  a c  ;  o r s  . 

a  ;  F-uiltrova,  J  .  ,  WORKER-:  •  MATE  OF  HEALTH  UNDER 
EMoMftf  K.  ELi.  C  T  it  0  MAGNET  10  RADIATION  IN  THE  VHF  BAND 
i  i  '  .  H  '-arc  r  n  k  j  r  _  ’  •/  i  '  1  n  Cue::  la  >  ,  V  o  1  .  23,  No.  8 , 

v  1  -  V  ■’  i  .  r.  b  •  ■  h  t  -  ans at  .  or:  JPRS  No.  U  D  C 


-V . i  )c  k  ,  P  .  B  . ,  J  -  W  .  j  i  in p  ■;  ) n  ,  c  .  a  .  Alford,  Jr.,  and 

:  ON  b  r  N  !  i  A  L  A  NOMA!  1  t  0  !  N  ALABAMA 

j  .  >1  >’  i  .  Assoc.  Ala.,  v  o  l  .  4  1  ,  N  ■■ : .  1  ,  p  p  .  42-  50  (1  971  ) 

Study  type:  ( 1  )  Epidemiologic,  ( 3 )  Teratogenic  and 

developmental  abnormalities;  IN-VIVO;  HUMAN 

J  f  r  err  t  y p e  :  RFR-  i  educed  congenital  anomal  i  es  among  white  and 

o loci  populations 

f  requency / wave  I enqt  h:  Unknown 

Modulation;  U  n k  n o  w '  t 

Power  Densities:  Unknown 

SAR:  Unknown 

Exposure  conditions:  Unknown 

REVIEWER  SUMMARY:  In  Alabama,  a  statewide  file  by  counties  is 

kept  o  t  all  birth  defects  reported  each  month.  The  information 
is  stored  in  a  computer  in  *he  School  of  Public  Health, 
University  of  Alabama  School  of  Medicine,  and  is  available  for 
statistical  analysis.  In  this  paper,  data  for  the  period  from 
July  1969  to  November  1970  aie  analyzed.  The  overall  rate  of 
10.^  newborns  with  anomalies  per  1,000  births  is  comparable 
with  rates  elsewhere.  However,  the  white  rate  of  11.1  was 
higher  thar-v  the  non-wh  ;  t.  e  rate  of  9.7.  There  was  an  excess  of 
o o  I  i d  a  c  t  v  l  y  among  the  black  infants  (125  cases  versus  36  cases 
among  the  w  h  ;  f  ■'  inf  ants),  and  the  authors  indicate  that  if  this 
type  of  anomal  /  i  s  e  >  c  sided ,  the  overall  rates  would  be  10.5 
f  o  -  whites  v  e  :  s  /  6  .  5  ‘or  blacks.  If  each  anomaly  is 
assumed  t  .  he  -an  '■ i  i  st  r  i  buted,  then  6  of  the  '7  counties 

(Butler,  Calh.'ni  n  ,  ':••«»,  r»  a  .  e  ,  Henry,  and  Jefferson)  had 

statistically  si  or  1  -  •  •  ( p  •  s  than  0.05)  excesses  for  one 

or  two  spec  i  f  5  r  -  -  •,  .  n  carfi  /  ular,  Coffee  and  Dale 

counties  C  n  w  h  •  *  *  w  ;j  •;  *  -  ;  s  orated),  had  higher  rates 

for  c'uihou  s  ::  '  w  ■'  i  1  e  '  a  u  *  s  ,  and  Dale  also  had  a 

higher  rate  T  1 '  ‘  i  r  ;  ’  I  n  Calhoun,  the  incidence  of 

anencepha'  „  a*  -  •  r  -  ..  babies,  whereas  that  of  cleft 

palate  i r'  ;  •  w  :  ;  ’  T  r  b ,  a  c  k  infants.  Butler  and  Henry 

■counties  hi;  ~  -  •  spina  bifida  for  whites,  and  Jefferson 

h  a  d  in  e  k  c  ess  :  *  n-  :  i  i '  i  ■  ■  m  a  i  i  e  s  for  whites. 

0  T h  :  l<  j  N  r  o ;?  m a  f  ION:  I  •  '■  v  i  s  .Per,  the  ar  t  hot  s  make  no  mention 

of  r  ;  r  '  •?  !•►••••  ,  i  --  r-o-.  s  e  causal  factors  for  the  excess 

i  n  c  i  -J  e  n  o  s  ;  *  -j  ■ ! .  ’  -  ■  »f-nt  i  on  overall  rates  found  by 

o  t  n  e  r  <  n  /  ’■  '  •  :  •;  a  1  n  -  •  -  ■  ‘  H  •  -r-gions  within  and  outside  of  the 

IJ  .  5  .  T  Ho  ,  i-  p.’  -  mein:  ;  r  m  7  .  e  to  75.4  p  e  r  1,000, 

d  o  p  >■  -  i  i  '■  i  -  •  i  >  lie  pi:  i 1  a  i  i  on  s  f  ml  i  e  d  ,  the  types  of  anomalies 
in:1  j  J  ■  ■  ,  w  h  e  r-  h  e  r  <  »>*>  investigators  personally  examined  all 
b  i  ••  t  k  •  r  -‘'■lied  on  a  notification  system,  and  on  whether  the 
chi  i i  ►> n  concern* d  were  Followed  prospectively  for  seme  years. 
FlNA  CRITIQUE:  In  a  subsequent  unpublished  report  (Peacock  et 

a  ’  . ,  1973),  the  .bit;  a  in  this  paper  plus  additional  data  were 
an.v  yzui,  thus  render  t  tig  the  findings  of  this  paper  moot.  In  a 


■  1  ■  ;•  caper  by  Burdsshaw  ami  Schaffer  (1977),  the  same 

■  i  j  ■  a  treated  with  d’fferent  statistical  methods  than  those 

..  ■-  e.i  t- v  p  e  a  cock  arid  cower kers,  anu  different  conclusions  are 

)  :  .  -  n  . 

REFERENCES:  Bo  r  dec  haw,  J  .  A.  and  S.  Schaffer,  FACTORS 
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Robinette,  C.  D.  and  C.  Silverman 

CAUSES  OF  DEATH  FOLLOWING  OCCUPATIONAL  EXPOSURE  TO  MICROWAVE 
R  A  D I  A  I  ION  (RADAR)  1  950-1  974 

In  D.  G.  Hazzard  (Ed.),  SYMPOSIUM  ON  BIOLOGICAL  EFFECTS  AND 
MEASUREMENT  OF  RADIOFREQUENCY/MICROWAVES,  Dept,  of  Health, 
Education,  and  Welfare,  Washington,  D.C.,  HEW  Publication 
mo.  (FDA)  77-8026  (1977; 

Study  type:  (1)  Epidemiologic;  (9)  Biochemical/physiological; 

IN-VIVO;  HUMAN 

-  *  '  *-'  ■;  t  type:  Mo  r  t  .■  t  ’  t  ••  ,  morbidity 
r  uency  'wavel  erigth;  U  vt  k  nown 
M  od  i,  i  at  i  o  n  :  Unknow  n 

? owe •  Densities:  Unknown 

CAR:  Unknown 

Exposure  conditions:  Occupational  exposure  to  various  radar 

j  ■  s  •  v  m  s 

9  F:  V  FEWER  SUMMARY:  In  this  study  of  personnel  who  had  served  in 

:‘o  Navy  during  the  Korean  War,  a  group  of  approximately  20,000 
per oo ns  was  selected  and  classified  as  having  had  occupational 
;  »;vv.  ire  to  R  F  R  on  i,,p  basis  of  their  titles  of  Electronics 
Technician,  Fire  Control  Technician,  or  Aircraft  Electronics 
r e r rm  :  c i an;  mother  group  of  about  21,000  persons  was 
classified  as  not  having  had  occupational  exposure  because  of 
th?ir  titles  j f  Radioman,  Radarman,  or  Aircraft  Technicians 
Mate.  For  brevity,  t  he  latter  group  was  referred  to  as  the 
-v  t  '■•■>!  group,  e  t  hough  these  personnel  may  have  had  some 
RFR  e  xp.n>-  -ire--pre  un-iF-  .  much  less  than  the  first  group.  The 
fudv  >.i*  i  1  i  z  e  d  or  l'  •  ».  •  j  r  •.  records,  covering  1  955  to  1  976,  of 
-or-a'iT.  and  nor;  ;  1 ; .  ( b  o  t  h  n  service  and  later  in  Veterans 
Atim  i  "  1  ’  '  it  :  host  '  *  .  i  .  > ,  and  of  both  granted  and  disallowed 

requests  for  d  s  a  b  i  t  i  ■  compensation.  Only  mortality  results 
are  r  ''  •-  '•  -a  n  t e  d  in  t  >•  i  s  -aoer,  which  show  619  deaths  from  all 
mu  •;*.  for  tin?  oceans',  ona  l  l  y  e  x  posed  group  versus  579  deaths 
fu  -  the  or  -  o  I  qri-i;;-,  with  the  difference  being  not 
statistics'  •  star  i  1  i  t. . > n t  .  It  was  noted  that  these  death  rates 
♦nr  Lu.>  t  h  group:  w  •  ■  r  e  i  n  w  e  r  than  those  for  the  comparable  age 
gup  in  the  t! .  S  .  \  or-  1  it  i  on  at  large.  Examination  of  these 
cececjont  data  in  more  detail  showed  a  significantly  hi  gher 
loath  rate  from  t  r  a  n  m  >  in  Mi  e  exposed  group;  however,  many  of 
the  r.  r  auma-a  s  see  i  at  vti  deaths  resulted  from  military  aircraft 
ace’  loots,  and  a  higher  proportion  of  the  exposed  group  had 
s  j  b  s "  ii'-ii'  l  y  become  fivers.  The  incidence  of  deaths  associated 
with  a  ;  ‘  r»  r  ;  r ■  r.  I  e  r  o  t  i  c  heart  disease  was  significantly  lower  in 
the  i  o'-oup.  No  significant  differences  were  noted 

be  t  N  i-  ••  i  (wo  group-  in  terms  of  total  mortality  or  in  terms 

;t  m  r  t a i  ■ t  j  f  rom  any  of  about  20  assigned  categories  of  causes 
1  i  e  1 1  h  . 

0  T  H  F R  INFORMATION:  In  a  subsequent  paper,  Silverman  (1  979) 

r  o  i  \  p w  a  o-iober  o  *  epidemiological  studies  of  possible 


R  F  ft  -  i  n  f\i  .  :  j  e  f  f  e  t  s  ,  i  ■  i  r  i  u  u  i  n  g  this  study  of  Navy  personnel. 
Again,  d e  t  a  1 l s  regarding  morbidity  and  other  h  e  a l t  h - r  e l a  t  e  a 
i " .  e  :  ♦  ■-  i 1  e  not  furnished,  Li*  she  does  state:  "Differential 
i tilth  risks  associated  with  potential  occupational  exposure  to 
raoar  in  the  Navy  more  than  .-'0  years  ago  are  not  apparent  with 
respect  to  long-term  mortality  patterns  or  hospitalized  illness 
e.  round  the  period  of  exposure,  two  endpoints  for  which  there  is 
virtually  complete  information  for  the  total  study  group. 
l  '-ter  hospitalization  (in  Veterans  Administration  facilities 
only)  and  awards  for  service-connected  disability,  the  two 
.the'  end  points  examined,  provide  incomplete  information. 

Wuil-»  sir. e  significant  differences  among  the  occupational 
setups,  classified  by  l  eve  i  of  potential  exposure  have  been 
r  wii  n  r  espect  to  all  endpoints  studied,  the  differences 

■  ■  • ' ; :  i  ■■  c  t  be  interpreted  as  a  direct  result  of  microwave 
r- -  p  n  r  e  .  "  she  a  l  so  po  i  nt  s  out  the  possibility  that  effects 
:■  olvinq  the  cardiovascular,  endocrine,  and  central  nervous 
■  ferns  may  be  transient  and  may  disappear  shortly  after 
termination  of  exposure  or  not  produce  symptoms  that  warrant 
hospitalization.  In  a  still  later  review  paper  (Silverman, 

'98  0.',  she  provides  much  t  h  same  information  contained  in 
c i i verman,  1979. 

c  I  fi  A  l  CRITIQUE:  The  i  w  o  groups  compared  in  this  study  can  be 
characterized  as  a  high -exposure  and  a  low-exposure  group. 

I  moor: sons  of  these  two  groups  with  an  unexposed  group  would 

•  u  .•  e  strengthened  the  study.  The  authors  mention  that  they  had 
•j-: vised  a  Radar  Exposure  Index  for  the  occupationally  exposed 

g  r  ...up,  rut  give  no  data.  In  Silverman  (.1  979),  presumably  the 
*  “  1  ode  x  is  called  the  Exposure  Hazard  Number,  defined  as  the 

=  -r  of  t.  he  power  ratings  of  all  gunfire-control  radars  aboard 
•e  strip  -ir  search  radars  aboard  the  aircraft  to  which  the 
technic 'ar  was  assi aned,  multiplied  by  the  number  of  months  of 
•i  s  i  o  n  m  e  n  *  .  The  dist  '"i  but  i  or  by  Exposure  Hazard  Number  of 
it.  noriri'i  ari.arq  the  three  occupations  comprising  the 

•  mi  h  -  e  x  p  .us  >i  r  e  a  roup  indicates  that  the  Fire  Control  Technician 

■i  •  1  -eta  t  Fie  ■  r  c  on  i  c  T  Technician  categories  had  much 

ir  oer  p  t  '  .  r  i  a  u  t  .  ■  ’  r,  d  ■  v  ’  du  a  I.  s  with  high  values  of  Exposure 
. ;  ?  a  r  rf  n u m t-  -  r  1  hjn  •  h.>  F  iectrpnics  Technician  category,  but  the 
•/  e  s  t  i  Q  a  i  .  • .  pi  "i.'iit  r  <  umipar  i  sons  of  mortality  data  among 

•  o  -  . Three  categories.  It  should  also  be  noted  that  no 
■'•■'tirin.  m  between  the  Riqii  -  exposure  and  low-exposure  groups 

mo  r  Lm  .  r  y  data  are  given.  Despite  these  shortcomings,  the 
•'  u  l  t  s  <■  *  t.  I.  s  study  show  no  evidence  for  RFR-induced 
r' r  e  a  s  ?  s  ;  r.  mortality  f  o-  the  hiqh-exposure  group. 

REFERENCES:  00 1 8 -9 2 1 o / 8 0 / 0 1 00- 00 78  Silverman,  C  , 

‘  1  I D  F  "i  I C i  Q  G 1  C  STUDIES  OF  NICR0WAVC  EFFECTS,  Proc.  IEEE, 
mi.  p,7.  No.  1,  pp.  78-84  (1  980  ) 


■  v-iirjn,  C.,  EPIDEMIOLOGIC  APPROACH  TO  THE  STUDY  OF  MICROWAVE 
n:Crf),  Bui  1  .  N.Y.  Acad.  Med.,  Vol.  55,  No.  11,  pp.  1166-1189 


i  j  c  h  i  k  o  v  a  ,  Pi  .  N  . 

.INI  CAL  MANIFESTATIONS  OF  REACTIONS  TO  MICROWAVE  IRRADIATION 
i  VARIOUS  OCCUPATIONAL  GROUPS 

■  P.  Ci-orski  et  nl.  (eds.),  BIOLOGIC  EFTECTS  AND  HEALTH 
1 I A  v  T  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 

i-ia.,  or.  -16  W67  C  1  07  A  ) 

■  ■  t  /  p  e  :  (  '  )  Epidemiologic,  ( 4  )  Ocular,  (  5  )  Nervous  system, 

>  '  B  e  h  a  v  :  o  r  a  ■  ,  (  •’ )  Endocrinological,  C  9  ) 

Os. :  e  r.  'phi  si  y.  ogi  r.a  !.  ,  <  1  A  )  Review;  IN-VIVO;  HUMAN 

•  *  e  c  t  •  ;  p  e  :  Behavioral  and  clinical  man  ifesra4"  ions  o  f 


■  r  o  ,v.ive 


:  w  el  ■•*  noth:  M  i  c  r  o  w  a  >'  e  c  (  u ;  specified; 


. « r  Densities:  A  few  mV / c  m  .  2 

•  •  Ut' specified 

.'0:-:ui  ?  conditions;  Occupational  tuning  and  testing  of 
t f  r  s  eq.ji  pment  far  up  to  15  year s 
’  •;  W  ?  8  SUMMARY  ;  Clinical  observations  are  presented  or  the 
i 1 1  h  status  in  two  groups  n  T  workers  engaged  in  the 
go  •  at  i  on,  tun  .  ng  and  testing  of  diverse  rad  i  c-eq«j’  ptrent 
;ttinc  rad: at  inn  in  the  microwave  range.  Both  groups  were 
r'Pjr,h!  with  resoect  to  sex  and  age,  but  differed  i  r. 

s  g  e  p  r  e  and  duration  of  work.  Young  men  with  a 
j  '  5  •  '  5  vacs'  history  of  employment  with  microwave  sources 
vicm  noted  in  both  groups.  Those  in  the  first  group  (1000) 
c  -subject  to  tre  influence  of  a  power  density  of  up  to  a  few 
!  c  n, .  2  .  T  h  •»  sec  end  group  (180)  comprised  people  exposed  to 
:row  3  res  a  *  l ewe i  intensities,  which  as  a  rule  did  not  exceed 
/ e  ' a  1  h  in d r  e-j  t  h  s  e  *  a  mW/  cm  .2  .  More  significant  exposure 
> '  f  -  •> ■■  n  place  during  extremely  shore  periods.  Some 

•  'o'  -  en  s  1  u  d  u  r  i  r  i  g  w  p  -  V  could  not  be  excluded.  A  group  of 

p  .  e  '  l  0  l:  :  ..  ” . 1 1  r  1 1  e  d  with  respect  to  sex,  age  and  character  of 

•  <  r  see  see-  w :  r.  h  ..id  not  involve  exposure  to  microwaves, 

•  e  •  as  a  ,  :>nt  rot.  Of  16  Kinds  of  symptoms  reported,  the 

i  d a o-,- e »,  were*  i •  i  g r  e r  for  the  highei — power-density  group  in 
.*«•  >■:*•>,  -liqhe'  T  or  the  lower- power -density  group  in  nine 

:  e  ,  and  e  s  <*  e  *  *  i  ?.  ,  l  v  equal  in  two  cases.  Values  of  symptoms 

■  *:s-  •  •  :  ;  r  •  .  p  w°  re  less  than  those  for  at  least  one  of 

< c  ‘  •  .  rji  'n  all  16  cases.  Symptoms  reported 

.*  '  tided  f  a  h  1  gue  _  iti*  ability,  sleepiness,  partial  loss  of 
-or  ;•  ,  :  •  u  d  y  c  a  r  •*  ’  J  ,  hypertension,  hypotension,  cardiac  pain, 
t  .  /  •••!:,;  murmur .  Eye  examinations  revealed  opacities, 
ny  '  ’.lie  cortical  layer.  The  numbers  of  opacities  for  the 
■  ■  s  -  ■ .  a :  ••ups  lid  not  exceed  control  values.  A  few  subjects 
ft--  r  'st  g-oup  who  worked  under  unspecified  "unfavorable 
‘ i t  ;  o  n  v "  '  i  e  j e !  j p  e  d  cataracts.  Based  on  prior  work  as  well 
-a’  o  •if  <  s  ;  ed  -  *•  t  he  paper,  the  "asthenic  syndrome"  is 
■  ■  ■  **  •  ’  *  ■  1 '  e  ;  i  i  1  .  A  table  in  the  paper  describes  100  cases 

i.*i  ’  «■  ?  owrtve  t.’  c  k  n .?  ■>  v  ,  "  and  tre  text  predicts  little  chance 


fnr  '•  p  r  ;j  v  e  r  .  unless  the  patient  is  removed  from  the  work 

t  \  \i  l  r  on  in  e  it  . 

OTHER  INrORMATION:  None 

FINAL  CRITIQUE:  Although  figures  are  included  that  show 
percentages  of  changes  in  the  16  symptoms  for  the  two  exposure 
groups  and  the  control  group  (and  standard  error  bars), 
statistical  treatments  of  the  data  are  net  provided. 
Consequently,  whether  any  of  the  reported  differences  among  the 
three  groups  is  statistically  significant  cannot  be  determined. 
Also,  symptomatology  similar  to  the  "asthenic  syndrome"  or 
"microwave  sickness"  has  not  been  reported  in  Western  studies, 
so  it  is  difficult  to  accept  these  USSR  findings  at  face  value. 
In  the  light  of  the  extensive  research  on  RFR-induced  ocular 
damage,  the  incidence  of  cataracts  in  a  few  workers  working 
under  "unfavorable  conditions"  must  be  interpreted  as  an 
indication  of  exposure  to  power  densities  well  in  excess  of  the 
threshold.  It  is  also  interesting  to  note  that  even  though  the 
occupational  standard  for  exposure  to  RFR  in  the  USSR  is  10 
microwatts/cm. 2  (Stuchly  and  Repacholi,  1978),  the  investigator 
was  able  to  locate  1,000  people  who  were  exposed  to  values  well 
in  excess  of  this  standard  for  long  periods  of  time. 

REFERENCES:  Stuchly,  M .  A.  and  M.  H.  Repacholi,  MICROWAVE  AND 

RADIOFREQUENCY  PROTECTION  STANDARDS,  in  Trans.  International 
Microwave  Power  Institute:  MICROWAVE  BIOEFFECTS  AND  RADIATION 
SAFETY,  V o l .  8,  pp .  95-101  (1  978) 
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k  .  M  . 

' ! .  '  1  i  ■  >  j  ",  A  .  ,  ■ ;  1  M  1  C  l\  0  W  A  V  E  WORKERS 

-  ■  .  ;  .  •:  cds.  '  ,  BIOLOGIC  EFFECTS  AND  HEALTH 

•> ■  ?  >  -  M  1  F  o  w  A  V  F  RADIATION,  Polish  Medical  Publishers, 

i  ■  ,rv,  f.f  .  <  i  i-?SO  1  V  4  4  ) 

.  :  i ■  1  )  t  r  i  rl  e  mi  o  L  o  q  ■  c  ,  C  4  )  0  c  u  L  a  r  ,  (  5  )  Nervous  system, 

•  .  .  i.  -i !  /  r.r 'r  i s  i  a  l  o  g  real;  IN-VIVO;  HUMAN 

'  T  ;  *■  v  c.  e  r  Lens  charges,  at-  n  ormal  E  E  6  and  E  C  6  , 

■  ;  •,  r  ’■  o  i  '  ■  e  s  *  n  a  tempi  tints 

•  •'  w  a  v  L  i?'.  a  *  h  :  i'nst  e>.  i  f  ’  ed  radar  frequencies 

■  v.i  ■  ;  1.  ■  i  r  ,  «'  t  ■  t;  ‘1 

.  r  p  ,i : .  s  i  i  i  e  •-  :  Greater  then  and  Less  than  0.2  mW/  cm.  2  A  v 

•  :  !J  rl  k  ri  i .  k  -  . 


.  '■  ; r  ,>  i  •  •  ior  s:  Occupat  tonal 

\  f  ■■■  ;j  MMAR  v  :  The  health  status  and  f  i  tr.  ess  for  work  of  a 

i  .  ,  .  t  '■  !  ■■  o  f  a  qes  raihjing  from  2  0  *  o  415  years  was 

.  t  a  ;  ►  h  «  s ...  persons,  507  were  occupationally  exposed 

■:  c  P  lot  t :  r  s  p  e  c  i  t  e  a  characteristics  "within  the  whole 
'ip  »e  u  •'  i:  i  ••  rat.if  oiierai  i  ops"  }  d  i,  -  i  n  q  working  hours  at  power 

-!  •  :  -  e  -  (  n  ••  e  '  u  m  a  I  l  y  a  v  e  r  a  g  e )  c-  x  c  e  cl  i  r  ■ ;;  0.2  n  W  /  c  n .  2  for  2  to 

j  r  '  r  •<  u  r  !  )  .  The  o  t  h  •  r  334  p  -  u  n  s  (Group  II)  were 

>•  no  ■••eo  :  i.  s  -v  s  than  0.2  m'->/  cm.  2 ,  Thi-.  group  was  used  for 

.  r  -  3  :  n  w  t  r  L  r  o  >j  p  I  because  of  the  difficulties  in 

-•  .  l  i  r  acequitr-  unexposed  qroup  working  under  otherwise 

,  a  :  . ::  ;  :  ;o:,d  i  t  i  nr,  s  .  In  both  grout:  s  hygienic 

:  :  r  ■  ..  ■■■.  r>  r,  a  r  a  ble,  i  -  e  .  ,  t  h  e  •  /  o  e  and  intensity  of 

,  r  ••  rt"  ?  r  :  c  *•  o  '  ,  c  h 't  n  q  e  s  i  i.  :  r  ..  a  ri  a  n  c  y  c  l  e  ,  rcise 

t  e  r  i  ature  c  i  u  r-  i  d  ■  •  y  u  ■*  tie  rooms,  etc. 

i .  -  :  pied  tie  t  a  •  r-d  jph  t  ha i  *r.os  .. or  i  c  examination 
■;  >•'  •  f  ,j  3  •  it-'  3  :n !  .i  n  d  a  neurologic  check-up, 

l  ,  s  /  c  I  ■  ■  .  r  r  .  •  s  a  n  a  t  G  r  e  -  c  r  d  :  n  q  s  .  Each 

VI  ‘  •  :■  i  .  f  T  r  !  r  n  c  J  t  O  r  work,  with  the 

•  i  .  ‘  ,  t  ! ;  e  c  a  >,  s  e  o  I  o  p  h  t  h  a  l  m  i  c. 

.  i  ;  :  ■  !  ■  ,_i ,  r  f  )  ‘  u  :  t  u n  c  t  i  o n  a  i 

,  si  ;.i  a  ii  euros  •  ••,,  gast  rointest  inal, 

t  r  .  •  r  >  ■  .  t  <  >ns ;  ucenc  y ,  sub  classified  as  1  , 

I  o  i.  •  i  ...  a  t  «.  oitiuar  i  sons  c  <  the  two  groups  for 

i-  ■  ►  ■  ,  •  ■:  „£••<>  j  .r<  Li  >  :  jr  r  n  o  b  /  duration  of 

1  : •  ■  •  I  *  .  ■  i :  i  .  i  g:vj  (  *  cant  differences  (at  the 

I,.,  i  ■  n»  tw->  tin:. ,  w  i  •'  e  found.  However ,  within 

q  r ,.  •  ;  u  i  '  .  t  ■ .  r  n  i  at  ion  between  lens  t  ranslucency 

• .  .  g  c  ••  :  t .  u  •  . .  A  :  so,  cor  re  l  a  *  'On  was  found  between  lens 

f_ .  j  ;<■■■  ■■  i  -ig,  4  ■;  r  Cr  oi.r-  i  but  riot  Group  II.  Additional 

.*  c  ••.  i  a  ■  ■  i  i  >  ,  •,  i  nd  i  i  at  e  >  a  high  degree  of  correlat  ion 

.  n,  i  •  >:  i  -  •  j :  .  ,ii  ion  of  e  m  p.  I  o  '<  m  e  n  t  . 

•'  r'  It  ~  I  "S  :  L  ■  ■  n  e 

:  i-  I  :  i  y  i  j  i  No  i  n  ‘  or  mat  i  or-,  was  given  regarding  possible 

i .  .  ■  ;  >her  pi  j  l.  s  f  J  o  t  average  power  density  to  which 

i ;  .  ,{.  !  exposed.  The  author  does  indicate  that 
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the  ;ndivi  duals  "worked  both  in  closed  rooms  and  in  the  open, 
observing  typical  individual  protective  measures  according  to 
the  regulations  of  work  safety  and  hygiene  existing  in  this 
country."  However,  there  is  no  mention  of  adherence  to  the 
then  prevailing  occupational  R  F  R  exposure  standards,  which  were 
the  same  as  those  of  the  USSR  until  1972  (Stuchly  and 
Repacholi,  1978).  In  fact,  the  value  0.2  mW/cm.2  exceeds  the 
maximum  permissible  levels  for  a  working  day,  indicating  the 
likelihood  of  no n - a d h e r e n c e  to  that  standard.  If  indeed  many 
of  the  individuals  in  Group  I  were  chronically  exposed  to  1  or 
2  orders  of  magnitude  larger  than  that  value,  then  the  negative 
findings  of  this  investigation  would  be  an  important 
contribution.  The  tack  of  more  definitive  exposure  data 
vitiates  but  does  not  negate  the  findings. 

REFERENCES:  Stuchly,  M.  A.  and  M.  H.  Repacholi,  MICROWAVE  AND 

RADIOFREQUENCY  PROTECTION  STANDARDS,  in  Trans.  International 
Microwave  Power  Institute:  MICROWAVE  BIOEFFECTS  AND  RADIATION 
SAFETY,  Vol.  8,  pp .  95-101  (1978) 
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:  ■  l  •  r  ,  A  .  '  ,  A  .  M  .  ;  er;  1  c  I  '1  ,  H  .  H  .  Cnh'-n,  3rd 

.  W  \  s  1  t  ■ 

RADI  A  r  I  '.'N  E  X  MSOR  c  '  N  r*  A  0  F  N  T  S  OF  CHILDREN  WITH  MONGOLISM 

,)OUN  '  >:  1 

•’ : .  1  1  .  )  \  h  n  s  -took  i  us  H  o  s  p  .  ,  M  o  I  .  1  1  7  ,  pp  .  374-  395  1  1  96  5  ) 

i  1  jOv  M  i  E  t  i  den  i  ol  cqi  c  ,  I ?  >  Mutagenic  and  cytogenetic; 

I  N  -  y  1  V  0 ;  HliM  A N 

:  ‘‘or-  ;  E  ad  ’  at  on  -  -  nduced  Down  '  s  Syndrome 

■  ~;ie  :cv  /  itvc  a  n  g  t  h  :  Unknown 

Me  hi'.  A  *  '  on:  U  r.  v  '  •  n  w  r 

P  .  •  w  e  r  D  e  n  s ’ r i e  ;  •  Unknown 

A  p  t  Un  k  n’'W'- 

t  .  o  g  t  ;  ini  ;  Primarily  to  ionizing  radiation  for 

•  .  ;  ■  *  .  ■  lit  '  hf-Mpi  Jt  '  c  purposes 

i  ;  -t  j  :  s  UMM  a  "  ;  A?  part  of  an  epidemiologic  study  in  Baltimore 
"  ■  ■  : ,  :  •>  ;  ..  j  t  ■  :■  of  parents  c  f  both  Mongoloid  and  control 

;  i  s  j  >  i ,  a  »  -  c*  for  exposure  to  various  types  of 

'  ■  '  i  r  ,<  ■■  ■.  •  ■  .  L  t  •  i  z  i  r.  g  interview  technique  and  medical 

•  -  -  .  ,  !  •  *•  tidy  .jemonst  rated  a  statistical 

. >  ‘  a  •  m  j  i  e  r 1 '  id  i  at  t  on  exposure  and  Mongolism. 

M  •  '  *■  •  •  -•  v  '  d  -nil  Iren  were  found  to  have  a 

1  .  -i '  -  -  »  c  d  exp  s  u  r  -  t  o  both  1  l  uoroscopi  c  and 

■'■a!  p  r  i  -i  >•  to  the  birth  of  the  index  child, 

i  ■  i  :  :  ’  *  ■  .  •  ■  ■■  v  m  g  n  i  f  :  c  a  n  t  differences  ’  n  ionizing 

-i  -  .  v  '  :  i  r  d  ■  r.  the  f  a  t  h  e  r  s  of  the  Mongol  and 

•  <  ■*  owe  ve  ' ,  i  surprising  increase  in  radar 

■  s  .  -  a  r  a  q  in  i  significant  number  of  fathers  of 

M  -  >  s :  ”  he  -e  results  suggest  that  maternal  ionizing 

i  •  j  *  ~  ;  if  roe  etiological  factor  responsible 

■  •  u  ;  m  .  L  t  is  emphasized,  h  o  w  e  v  e  r  ,  that 

vi  ■  m  :  /  he  •: n  1  y  one  of  several,  important  factors 


i :  “ .  ■  ■>  •  •  ’ft  o  o».r! ;  t  i  on. 

'  A  A  '  l  N  .  •« !  c  -if  t  n  e  716  case  children  included  were 

w  '  1  r  •  ■  j  ch  l  Jren  'or  hospital  of  birth  (or  at 

*  v  of  b  i  •-  t  i-  f  within  6  months),  and  nearly  all 

T  j *  a  r  n ;  I  a  g  v  ’ w i t  h i n  1  year)  at  time  of  birth, 

w  t  :  .".)e  •*  O'- 1  v  if,  by  personal  inspection,  the 

.  n  ■-  n  t  ally  retarded  and  exhibited  at  least  6 

-  M  e |  :  a  for  Mongolism,  or  if  at  least  7  such 
’n  the  child's  medical  record  by  a 
•  '•/•**.  1  r  •  •  pa  rent?  of  the  case  and  c  o  n  t  r  o  l 

s i ■  ■•"■!!  matched  with  regard  to  birthplace, 

|  -  s  p  i  a  ;  r  e  a  *  merit  in  Baltimore.  Among  t  he 

■  a  ’  ’  i  =  n  q  ,  w  ’  ;  'hat  1 7 .  7X  of  the  case  mothers  had  one 

■  i '  - 1  j  s  ■;  o  :>  i  c  e  y  a  m  -  n  a  i  i  o  n  s  prior  to  the  birth  of  the 

->  s  •;  csip3  r  ed  w  i  t  k  onl/  8.1%  of  the  control  mothers  ( p 
j  ■  ' 1 1  '  .  A  1  :  o  ,  14.5%  of  ‘.he  case  mothers  reported 

i  i  •  ,i  l  :  -  r-  xoonires  (mostly  for  skin  ailments) 

>  .  1  .  ‘  i-  ”  .'.vit  Ml  mothers  ( p  less  than  0.01) 


GO 


j'U  .  o .  t  the  i:  j «.  p  mothers  worked  in  a  professional  or' 

t  ..  .i  ;  ,i;i:it.  in  medical  fields  versus  3.3%  of  the  control 
■  ’ hoi  1  ( p  less  than  0.05).  Regarding  the  fathers,  63.1%  of 

• ne  i a  , e  fathers  and  56.6%  of  the  control  fathers  had  been  in  the 
military  (the  difference  was  not  statistically  significant), 
cat  8.7%  of  the  case  fathers  had  reported  close  association 
with  radars  as  technicians  or  operators  (both  within  and 
outside  military  service)  versus  only  3.3%  of  the  control 
fathers  (p  about  0.02).  The  authors  concluded  that  "the  only 
truly  puzzling  association  is  the  suggested  relationship 
between  Mongolism  and  paternal  radar  exposure",  and  that  "one 
can  only  speculate  concerning  possible  mechanisms,  but  the 
association  between  Mongolism  and  radar  exposure  deserves 
further  investigation." 

FINAL  CRITIQUE:  The  results  of  this  study  are  reviewed 
primarily  for  historical  background  because  they  were 
supplanted  by  the  results  of  a  later,  more  extensive  study  by 
Cohen  et  a l .  (1977) 

REFERENCES:  Cohen,  B.  H.,  A.  M.  Lilienfeld,  S.  Kramer,  and 

L.  C.  Hyman,  PARENTAL  FACTORS  IN  DOWN'S  SYNDROME  —  RESULTS  OF 
THE  SECOND  BALTIMORE  CASE-CONTROL  STUDY,  in  E.  G.  Hook  and 
I.  H.  Porter  (eds.),  POPULATION  G E N E T  I  C S - S T U D  I  E S  IN  HUMANS, 
Academic  Press,  New  York,  pp.  301-352  (1977) 
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(2)  MUTAGENIC  and  cytogenetic 
List  of  Analyses 


Blackman,  C.  f.,  M.  C.  Surles,  and  S.  G.  Benane 

THE  EFFECT  OF  MICROWAVE  EXPOSURE  OF  BACTERIA:  MUTATION 

INDUCTION 

In  C.  C.  Johnson  and  M.  Shore  (eds.),  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  U.  S.  Dept,  of  Health,  Education,  and 
Welfare,  Washington,  D.  C.,  HEW  Publication  (FDA)  77-8010, 
pp.  406-413  (1976) 

Cohen,  B.  H.,  A.  M.  Lilienfeld,  S.  Kramer,  and  L.  C.  Hyman 
PARENTAL  FACTORS  IN  DOWN'S  SYNDROME-RESULTS  OF  THE  SECOND 
BALTIMORE  CASE-CONTROL  STUDY 

In  E.  G.  Hook  and  I.  H.  Porter  (eds.),  POPULATION 
G:\ptics-STUDIES  IN  HUMANS,  Academic  Press,  New  York, 
o .  301-352  (1977)  (See  "Epidemiologic”  for  analysis.) 

")  nlia,  S.  K.,  W.  H.  Nelson,  C.  F.  Blackman,  and  D.  J.  Brusick 
.  ACk  OF  MICROBIAL  GENETIC  RESPONSE  TO  2.45-GHz  CW  AND  8.5-  TO 
9 . t - G  H  z  PULSED  MICROWAVES 

00 72-273 9/79/0909-02 7 5,  J .  Microwave  Power,  Vol.  14,  No.  3, 
op.  275-230  (19/9) 

Hamper i us ,  Y.,  H.  OLofsson,  A.  Rasmuson,  and  B.  Rasmuson 
A  NEGATIVE  TEST  FOR  MUTAGENIC  ACTION  OF  MICROWAVE  RADIATION  IN 

r-  R  0  C  J  P  M  I  L  A  MELANOGASTER 

0165-1218/79/0011-021 7,  Mutation  Res.,  Vol.  68,  No.  2, 

:  .  ?.  ■  7  -  2  2  3  M  R  7  9 ) 

Pdy  ,  E .  C .  Beyer,  and  C.  F.  Reichelderfer 

MICROWAVE  EFFECTS  ON  REPRODUCTIVE  CAPACITY  AND  GENETIC 
IRANSMISS ION  IN  DROSOPHILA  MELANOGASTER 
j.  MU. 'owave  Power,  Vo l .  7 ,  No.  2,  pp.  7  5-82  (  1972) 

Sigler,  A .  T .  ,  A .  M.  .ilienfeld,  B .  H .  Cohen,  and 

.] .  L  .  W  c  ■  *  lake 

RADIATIC  EXPOSURE  IN  PARENTS  OF  CHILDREN  WITH  MONGOLISM 

(  o  0  W  N  !  5  S  -  N  D  R  0  M  E  ) 

Gull.  J  c  h  n  -■  Hopkins  Hose.  ,  Vol.  117,  pp.  374-395  (1965)  (See 

E  p  i  •Jem  i  loui  c”  for  analysis.) 
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V a  r  m  j ,  M .  M . ,  and  E.  A.  T  raboulay,  Jr. 

EVALUATION  OF  DOMINANT  LETHAL  TEST  AND  DNA  STUDIES  IN  MEASURING 
MUTAGENICITY  CAUSED  BY  NON-IONIZING  RADIATION 
In  C .  C.  Johnson  and  M .  Shore  (eds. ) ,  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  U.S.  Dept,  of  Health,  Education,  and 
Welfare,  Washington,  D .  C.,  HEW  Publication  (FDA)  77-8010, 
up.  386-396  (1976) 

V  a  r  m  a ,  M.  M . ,  E.  L.  Dage,  and  S.  R.  Joshi 

MUTAGENICITY  INDUCED  BY  NON-IONIZING  RADIATION  IN  SWISS  MALE 

MICE 

In  C.  C.  Johnson  and  M.  Shore  (eds.),  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  U.S.  Dept,  of  Health,  Education,  and 
Welfare,  Washington,  D.  C.,  HEW  Publication  (FDA)  77-8010, 
pc.  397-405  (1976) 
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*1 .  C  -  S  u  r  i  ?  *  ,  and  $  .  6  .  Benane 

x o w a v !  ixpoglir-  or  bacteria:  mutation 

'•■■I  M  .  at..'  teds.',  BIOLOGICAL  EFFECTS  OF 
A  V E S ,  U . S  .  tept .  of  Health,  Education,  and 

■  ,  .  r  .  ,  HUW  Publication  (FDA)  77-8010, 

I"  • .  :  >i  *2  oi»  ;•  .it'  •  *  c  y  t  a  n  e  n  e  t  i  c  ;  IN  VITRO; 

s  •"  ft  A  -  f  i  W  W  i  J 

s  /'  v  ’  va  1  dii  d  gene  m  u  t  a  t  i  on  to  give 
> .  t  —  ’  t  i  i  m  ,  a  .  re  Mi**:  reaent  for  arginine 
H'li:  1  -  '  0  a  r  d  2.4  5  GHz 

2  ,  c  *•  GM  z :  10  and  SO  mW / cm  .  2 

5  w  /  g ;  ; .  4  4  GHz:  15  and  70  m W  /  g 

ns.  G;ngle  exposure  of  3  to  4  hours 
V  e  acjeni  c  potential  of  continuous  wave 
-*d  at  on  at  1  .  70  and  2.4  5  GHz  was  examined 
r  •'  t.  o  .  t.  e  ’  ,  E  „  ccli,  which  can  be  used  to 

r and  reverse  mutations.  Log  phase  cultures 
■■■rain  we  e  i:  laced  in  35 -mm  diameter  sterile 
in;  :  i  si.es  and  irradiated  for  3  to  4  hours 
s  i  f  e  s  at  .--.4  5  GHz  were  conducted  at  f  ar-fi  eld 
V,  and  5  0  mV /cm.  7,  which  correspond  to 
es  nr  1 5  and  70  W/kg,  respectively.  Exposures 
• :  a  a :  ■ a  c  :  intensity  of  88  V / m  ,  were 
•p  und  i  so  at;  sue  Led  dose  rate  of  3  W/kg. 
i-t  a  t  i  on  '••«<  j  c  l  i  on  was  optimized  by  e  xp  os  i  ng 
ar  ,  e.i,r  u~e  complete  DNA  replication 
.  ..  •  i  '  j  -on  trms  using  ultraviolet  light 

/ ..  •  -  •  t  •:  c  exponential  survival  curve  and 

■  :n  ‘-ruction,  no  mutagenic  activity  could  be 

e  :  n  e  ;  m :  c  frequency  under  the 

i' 1  e  test  organism  is  described  as  requiring 
,  I  ..  1  iiu,  arginine,  met  ni  oni  ne  ,  and 
a  r  v  n  t ■  r  ,  mutation  to  argi nine-independence  was 

:  s  t  -o  , 

i  h-  ana  i  /  s'-  s  is  based  on  determining  the 

’  as  number  of  cell  doublings)  and  the 
--  •  '  t  •  n  ■  i  e  n  t  ’ijt.ru,  s  per  100  million  cells  at 

’  -  basis,  neither  exposure  frequency 
.  ■>  :■  umoe  '•  o  ■  mutants  over  control  values 

r  1  ; .  -  ■  5  0  m  W  f  c  m  .  2  )  for  any  duration  of 

’■  ;  ’  .  -  dishes  containing  the  cultures  were 

i  i  ■  m  e  u  r  a  t  rh amber  at  35  deg  C.  Control 

at  t  r  9  samp  time  as  irradiated  cultures, 

■  ~  car.  he  rail  at  i  on  by  being  wrapped  in 
was  <■:  actual  measurement  of  temperature 


.  ( 


-  o  either  t-  radiated  or  control  cultures  during  the  exposure, 
rno.iih  .it  the  power  densities  employed,  there  must  have  been 
-.mii'  rise  in  temperature  in  the  irradiated  cultures.  While 
this  piobably  does  not  affect  the  conclusion  concerning  absence 
of  in  jtageni  c  effect,  it  opens  the  results  to  quibbling.  It 
could  be  argued,  for  instance,  that  the  radiation  did  produce 
mutants,  but  that  the  mutants  were  selectively  killed  by  higher 
temperatures  in  the  culture.  In  the  positive  control  for 
mutation  production,  using  UV  light,  exposure  at  between  40  and 
7 5  J/m.2  produced  500  mutants  per  100  million  surviving  cells 
per  J/m.2.  This  exposure  level  may  be  compared  with  the 
microwave  exposure  levels  that  failed  to  produce  any  mutations. 
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or,  i  .  p  .  a  1  a  c  k  sn  a  p  ,  and  D  .  J  8  r  u  s  i  c  k 
<:  KLir  .•  N  S  f  TO  ?.i  5 -GHZ  CW  AND  8.5-  TO 

J  :i  oji  v'  o  ouer  ,  Vo!.  14,  No.  3 , 

•  i r i  J  c y  r o g e n e t i  c ,  IN  VITRO; 

STRAIN  D  4 ,  AND  SALMONELLA  T Y PH  I M U R I UM  , 
AMD  t A  -  9  R 

AS  GHz  arid  8.3  -9. 6  GHz 
r W ;  8 . 5  -  9 . 6  G  K  z :  pulsed 

-  ,  2  0  m  W  /  r  m  .  2  ;  8 . 3  -  9 . 6  GHz,  1  -  A  5 

3  .  8 - 9  .8  r.ii  j  f  net  stated 
, i ■  ■  c  xo<  su •  t  of  9  0  min  'or  Salmonella 
a  e  ’  t  He  r  t  requency  . 

S  '  n  f  the  v  east  Saccharomyces 
T  '  ■  SSL,  r  A  -  0  0  ,  and  T  A  -  9  8  of  the 
n  i  r  i  im,  r  e  e  xposed  to  2. 4 5- GHz 

*  •:>  ' .  6  •  G  H  z  poised  electromagnetic; 

i ..  ;■  ov  :  -  den  :  ties  f  rom  1  to  4  5 

■ .  '•  g  r  a  1  ■  a  t  i  on  was  maintained  at  30 

:m  ;  e r  5 T  Jag  I  ‘or  bacterial 

*  ;  ■;  :  d  a  •  •.•-•ease  in  mutations  or  of 

w  r  o  a  ’  s  were  n  a  d  i  a  t  e  d  for  two  hours 
o  '  cells  was  noted  in  all 
‘  t.  i  r  ,  a  t  oower  tensities  of  30 
r  ,  -w.  r  e  t  i  a  •' 1  <?  changes  ip  genetic 

j  y  •  •  '  •'  ;  b  s  t  r  a  c  t  and  the  methods 

, :  ‘  "  c  w  e  m  a  ’  i  i  t  a  i  n  e  d  at  30  and  37 

on  he  c  tee  temperature  in  the  yeast 
I  j  e  g  <:i  i  i  r  p  q  ;  -  r  a  d  i  a  t  i  o  n  at  9.0  GHz. 

->  ■  ' '  ad  i  at or.  s  w?re  not  stated. 

are  r usual  about  statistics.  They 
-  ■  »t>  to  e  r  _  *  mutate  o  r ;  s  per 
'  o,  c  j  t  nowhere  ‘ s  there  a 
r. 1 1  r  :  o  r  a  ,  a  t  e  s  counted  or  mutations 
.  -  •>  -  f  “  of  mi  r  r owaves  in  terms  of 
to  effect  in  control,  and  state 
■  ’  ■  n -  m  a  f  ,  a  -cti  0  of  2.0  to  3.0 
‘  '  ’  a "  indicates  mutagenic 

f  ;  .j  s  t  ;  f  •  •- uch  a  procedure  by 

•  ~  w  Review  of  the  effects  of 

j ■ m  cn  '  !a  (Tables  A,  5,  and  6)  shows 
■  m  j  r  i ,  ‘or  irradiated  cells  is 

‘■'it  '  ‘  .ntroit,  an  d  ’n  the  case  of 

t w  '  '  m  . ,  the  1  i  f  f  e  r  e n  c  e  may  be 
i  o :  --  -■>  the  authors. 
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Hamnerius,  <  ,  h  .  Olofssen,  A.  Rasmuson ,  a'id  B.  Rasmuson 

A  NEGATIVE  TEST  FOR  MUTAGENIC  ACTION  OF  MICROWAVE  RADIATION  IN 


DROSOPHILA  MFLANOGASTER 

U165-1218/79/0011-0217,  Mutation  Res.,  Vol.  68,  No.  2, 

■j:)  ,  217-223  (19?9i 

S  r  tdy  ■.  ype:  (2)  Mutagenic  and  cytogenetic;  IN  VIVO; 

DROSOPHILA  MFLANOGASTER 
:  f<act  r  yje;  Somatic  mutation 
F  r  guen  c  v  w  J  v -  e n  q  t  n  :  2.45  GHz 

at  i  on  :  CW 

=  ->wer  Dansi  t  ■  es:  Not  stated 


S  R  :  1  1 .  V  '  <  g 

F  «n  .'Ere  cc'-dit'oos:  Single  exposure  of  6  hours  duration  to 

1  -  2  J  3  V  O  !  1  e  Kl  0  r  y  o  S 

•\  v  1  •<  0  R  ABSTRACT:  Micro  wave  radiation  (2450  MHz  CW)  was  tested 
*  .>  r  nst  jqeni  city  in  Drosophila  mel  anogaster  .  Embryos  in  water 
...  r  ».  xo  s  ?d  r.o  the  electromagnetic  field  with  a  mean  specific 
id  -..r-'-p  f '  rate  of  1 00  W/  kg  „  A  sensitive  somatic  test  system 
w  a  •;  usei.  :  n  w k  i  c  h  mutagenicity  was  measured  as  the  frequency 
_■  *  somatic  mutations  for  eye  pigmentation.  With  the  test 
system  ..  sed  ,  microwaves  did  not  show  any  mutagenic  activity. 
CTHclR  IN;-  0  it  MAT  ION:  A  detailed  description  of  the  design  of  the 
;  xo  os  ore  chamber  is  given.  The  chamber  appears  to  be  very 

s  u  ;  ::  a  v  .  e  *  or  m  i  c  •  vwave  irradiation  of  this  type  of  material. 

FINAL  CRITIQUE-  This  is  an  excellently  designed  and  executed 
niece  of  resen  cr'.  All  confounding  parameters,  including 
■ e mpe r a t v!  e  rise,  rave  been  adequately  controlled.  The  study 
;  l.  e  s  ■  on  i  z  'i  o  radiation  as  a  positive  control.  A  dose  of 

1  c  no  -  a  J  :>  rod '..red  mutations  in  2.75%  of  the  animals.  The 

a ,  a  - o r s  estimate  that  the  mutagenic  e(<ect  of  as  tittle  as  50 
w u u 1  d  "sue  bee-,  reliably  detected  under  the  conditions  of 
r  •  test  .  cne  absence  of  mutagenic  effect  of  the  mi  c  r<  waves  in 
this  tear  is  nigh.)  credi Die. 
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i  y  ,  f.  |_  .  ,  E.  C.  Beyer,  and  C.  F.  Rei  chelder  f  er 
MICROWAVE  EFFECTS  ON  REPRODUCTIVE  CAPACITY  AND  GENETIC 
TRANSMISSION  IN  DROSOPHILA  MELANOGASTER 
J.  Microwave  Power,  Vol.  7  ,  No.  2  ,  pp.  75-82  (1972) 

Study  type:  (2)  Mutagenic  and  cytogenetic;  IN  VIVO; 

DROSOPHILA  MELANOGASTER 

Effect  type:  Reproductive  characteristics;  recessive  Lethal 
mu  t  a  t i on 

frequency/wavelength:  2.45  GHz 

Modulation:  CW  (?) 

Power  Densities:  6.5,  5.9,  and  4.6  W/cm.2  (computed) 

SAR:  Not  stated 

Exposure  conditions:  Single  exposure  of  45  min  duration  to 

0-24  hour  old  males 

AUTHOR  ABSTRACT:  In  order  to  assess  potential  viability  and 

genetic  alterations  from  microwaves,  male  fruit  flies 
(D.  melanogaster)  were  exposed  to  2450  MHz  radiation  within  24 
hours  after  eclosion.  Three  separate  groups  of  five  flies 
contained  in  acrylic  capsules  were  placed  at  an  18  cm  target  to 
aperture  distance  for  a  45-minute  period  with  forward  powers  of 
2.1  kW,  2.75  kW,  and  3.0  kW,  respectively.  Immediately 
p o s t - e xp os u re ,  each  male  was  mated  with  two  Muller-5  virgin 
females.  Each  male  was  removed  every  24  hours  and  remated  with 
two  additional  Muller-5  virgins  serially  for  15  days. 

Generation  times  were  observed,  and  each  brood  was  scored  for 
numbers  of  mates  and  females  on  day  17.  The  generation  times 
were  similar  for  irradiated  and  controls.  The  ratio  of  males 
to  females  showed  an  equivalence  among  the  control,  2.75  kW  and 
3.0  kW  groups.  There  was  a  significant  increase  in  ratio  of 
males  to  females  in  the  2.1  kW  group.  The  Muller-5  cross  was 
carried  through  an  F-2  to  evaluate  recessive  lethal 
mutagenesis.  Ten  controls  and  fifty  irradiated  F-1  pairs  from 
the  total  daily  broods  were  randomly  mated.  The  numbers  of 
irradiated  "X”  chromosomes  evaluated  allowed  detection  at 
frequencies  greater  than  1%.  No  recessive  lethal  mutations 
were  found  at  that  level  of  detection. 

OTHER  INFORMATION:  Power  densities  used  for  exposure  of  the 

flies  at  18  cm  were  determined  by  measuring  the  values  at  200 
cm  from  the  horn  and  applying  gain  i orrecti  on  factors  that 
ignored  the  oscillatory  on-axis  variations  of  power  density 
with  distance  in  the  near  field. 

FINAL  CRITIQUE:  There  is  no  discussion  by  the  authors  of  the 
temperature  rise  in  the  flies  produced  by  the  rather 
considerable  power  densities  applied  over  a  fairly  long  time 
span.  In  the  introduction  they  cite  a  study  in  which  the 
larvae  of  Drosophila  were  exposed  to  0.3  and  1.0  W/cm.2 
radiation  at  2.45  GHz.  Without  special  provision  for  cooling 
the  larvae,  the  1.0  W/cm.2  power  density  killed  50%  in  10 
minutes.  The  present  study  does  not  mention  cooling  provision 
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for  the  f  l  i e  s ,  so  we  presume  t 
results  suggest  that  the  adult 
heat-resi  stant  than  the  I  jiw.ih 
and  3.0  kw  (6.5  and  5 .  b  W  /  cm.,' 
radiation  on  brood  time,  brood 
For  the  flies  exposed  to  2  .  ’  «. 

females  in  the  broods  was  high 
days  except  the  second  day  art 
the  abstract  is  that  the  n  uni  be 
expected.  Genetic  damage  to  t 
males  would  reduce  the  expec 
finding  of  increased  number  of 
of  damage  to  the  X - c  h  r  o  m  o  s  c  m  o  . 
detect  recessive  mutations  i  - 
were  *ound.  It  can  be  conclud 
at  2.45  GHz  was  nonmutagenic  f 
of  detection  (circa  1%). 


n  a  n  <-  was  provided.  The 
flies  are  considerably  more 
Fur  the  f I i .  s  exposed  to  2.75 
> ,  r  net  e  was  no  effect  of  the 
size,  or  sex  ratio  of  the  brood. 
W  (4.6  W  /  c  m  .  2  )  the  number  of 
e  r  than  expected  at  all  breeding 
er  irradiation.  The  statement  in 
r  or  females  was  lower  than 

he  X  -  c  h  r  o  m  os  om  e  s  in  the  exposed 
d  number-  of  females;  hence,  the 
■  m  3  1  e  s  d  efion  s  t  rates  the  absence 
F -  1  p  r o g e n y  were  mated  to 
t h e  f  -  2  genera  .  i on.  No  mutations 
e  d  that  the  microwave  radiation 
or  Drosophila,  down  to  the  limit 
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V  ■  >  r  m  a  ,  M  .  M  .  ,  and  E.  A.  T  raboul  ay ,  Jr. 

EVALUATION  OF  DOMINANT  LETHAL  TEST  AND  D  N A  STUDIES  IN  MEASURING 
MUTAGENICITY  CAUSED  BY  NON-IONIZING  RADIATION 

In  C.  C.  Johnson  and  M.  Shore  (eds.),  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  U.S.  Dept,  of  Health,  Education,  and 
Welfare,  Washington,  D.  C.,  HEW  Publication  (FDA)  77-8010, 
pp .  386-396  (1976) 

Study  type:  (2)  Mutagenic  and  cytogenetic;  IN  VIVO;  MOUSE 

Effect  type:  Dominant  lethal  mutation;  changes  in  physical 

properties  of  DNA 

*'  r  e  gue  it  c  y  /  wa  ve  l  en  g  t  h  :  1.7  GHz;  0.985  GHz 

M  od  u  l  at  i  on:  C  W 

Power  Densities:  10,  50  mW/cm.2 
S  A  R  :  Not  given 

Exposure  conditions:  50  mW/cm.2  for  30  min,  1.7  GHz;  10 
mW/cm.2  for  80  min,  1.7  GHz;  10  mW/cm.2  for  80  min,  0.985  GHz 
AUTHOR  ABSTRACT:  Fifty  six-day-otd  Swiss  mice  were  exposed  to 

microwave  radiation.  In  total,  two  dominant  lethal  tests  (DLT) 
and  three  DNA  studies  were  conducted.  Two  separate  DLT  and  DNA 
studies  were  performed  at  1.7  GHz.  The  testes  of  the  animals 
were  exposed  at  50  mW/cm.2  for  30  minutes,  and  at  10  mW/cm.2 
for  80  minutes.  In  the  third  experiment,  DNA  studies  were 
conducted  at  0.985  GHz,  10  mW/cm.2  for  80  minutes.  In  the 
dominant  lethal  test,  mice  exposed  to  1.7  GHz,  50  mW/cm.2, 
showed  that  mutagenicity  was  significant  at  the  99  percent 
I  eve.  in  the  fourth,  fifth,  and  sixth  weeks.  The  parallel  DNA 
study  showed  a  change  in  the  Tm  from  87  deg  C  in  the  control  to 
85  deg  C  in  the  irradiated  group,  with  subsequent  changes  in 
the  based  composition,  and  asymmetry  ratio.  In  the  second 
dominant  lethal  test,  mutagenicity  was  significant  at  the  first 
99  percent  level  in  the  i f  t  h  week  and  at  the  95  percent  level 
in  the  first,  second,  third,  and  sixth  weeks.  The  parallel  DNA 
study  showed  changes  in  the  Tm,  base  composition,  and  asymmetry 
ratio.  The  third  DNA  study  showed  similar  changes.  The  change 
in  the  optical  density  of  the  irradiated  DNA  supports  the 
possibility  that  irradiation  causes  strand  separation  and 
reflects  a  decrease  in  hydrogen. 

OTHER  INFORMATION:  Irradiation  was  performed  in  an  anechoic 

chamber.  The  author  describes  methodology  for  determining 
power  density  at  near-field  distances. 

FINAL  CRITIQUE:  The  tables  contain  some  errors  of  tabulation. 
In  addition,  the  value  of  chi-square  for  differences  between 
experimental  and  control  values  is  incorrectly  calculated,  and 
the  chi-square  limit  values  for  5%  probability  are  incorrectly 
stated.  When  the  values  of  chi-square  are  correctly 
calculated,  there  is  a  significant  difference  between 
experimental  and  control  vatues  for  the  overall  study  at  both 
50  mW/cm.2  for  30  min  and  10  mW/cm.2  for  80  min  (1.7  GHz),  but 
not  for  most  of  the  individual  weeks  p o s t - i  r r ad i a t i  on  . 
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V  a  r  h  .1  ,  M  .  M  .  ,  E.  1  .  D  a  q  e  ,  and  5.  K  .  J  o  • h  i 

Mil  I  AGE  N  I  C  I  T  Y  INDUCED  BY  NON-IONIZING  RADIATION  IN  SWISS  MALE 

I  i  L 

In  l  .  C.  Johnson  and  M.  Shore  (eds.),  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  U.S.  Dept,  of  Health,  Education,  and 
Welfare,  Washington,  D.  C - ,  HEW  Publication  (FDA)  77-8010), 

.■P.  5  97-405  (1  976) 

Stud-  type:  (2)  Mutagenic  and  cytogenetic;  IN  VIVO;  MOUSE 

Effect  type:  Dominant  lethal  mutations 

f  requenc  y  /  wave  len-it  h  :  2.45  GHz 

M  o  d  u  l  a  t  i  o  n  :  C  W 

Power  Densities:  100,  50  mW/cm.2 
SAR:  Not  given 

Exposure  conditions:  10  min  exposures;  100  mW/cm.2  1  time; 

50  mW/cm.2  3  times  in  1  day  or  4  times  in  2  weeks 
AUTHOR  ABSTRACT:  Testes  of  male  mice  were  irradiated  with 

~i  !  c  r  o  w  a  v  e  s  at  2.45  GHz  in  three  experiments:  (1)  at  100 

",  W  /  c  n .  2 ,  i  single  exposure  of  10  minutes;  (2)  at  50  mW/cm.2, 
tnree  ex:  osures  of  10  minutes  each  in  one  day;  and  ( 3 )  at  50 
mW/cm.2,  four  exposures  of  10  minutes  each  during  two  weeks. 
Treated  rales  were  tested  by  the  dominant  lethal  assay  for 
mutagen  c  i t  y  by  mating  them  with  untreated  females  for  six 
week,,.  F  e  i  t  i  l  :  t  v  was  impaired  following  irradiation  but 
m  u  t  i  :  •  n  i  c  i  t  v  induced  was  significantly  higher  subsequent  to 
single  exposure  and  multiple  exposures  during  one  day.  No 
ejects  were  observed  w  h  e  n  multiple  exposures  were  extended 
a  v “ r  a  period  of  two  weeks,  suggesting  that  high-level  acute 
■’erasures  are  potentially  more  hazardous  than  chronic  exposures 
a  t  lower  rower  densities. 

OTHER  INFORMATION:  None 

FINAL  CRITIQUE:  There  were  : .  • >  n o  deaths  during  exposure  5/15  at 
100  mW/cn.2,  5/16  at  50  mW/cm.2  3  times  in  1  day,  and  3/24  at 
50  mW/c:m.2  4  times  in  2  weeks.  The  authors  do  not  discuss  the 
: a  use  of  death.  The  animals  were  supposedly  shielded  from 
microwave  exposure  except  for  the  testes,  so  the  deaths  may 
nave  been  due  to  other  causes.  There  is  no  mention  of  deaths 
in  controls.  There  appears  to  be  an  error  in  the  computation 
of  chi-square  for  the  difference  in  incidence  of  mutations 
■  t  ween  irradiated  and  control  groups.  When  the  values  of 
C'11- square  were  recalculated  by  the  reviewer  from  the  data 
shown,  there  were  no  significant  differences  between  irradiated 
arid  control  animals  at  any  of  the  dose  schedules  employed, 
e  1  !  e  r  overall  or  at  individual  weeks  post-exposure  . 
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I  •  R A  ;  0-,i  N  1 1'  <\N!  1H  VII  ol'Ml  N  I  At  ABNORMALITIES 
t  i  c.  •  t,  1  Analyses 


I'jr  .  ’>  ,  1  -  .  .in  '.1  S  .  S  c  h  <i  1  !  e  r 

r  A  t'  T  R  S  A;..;  Oil  AMD  WITH  THE  INCIDENCE  OF  CONGENITAL  ANOMALIES 

A  ,  liCAl.  Ill  I  N  V  l  SI  I  G  A  1  ION 

Report,  Report  No.  XXI  II,  24  May  1  973-31  March  1976, 
Contract  No.  68-02-0791,  ERA  600/1-77-016  (March  1977)  (See 

”  F  p  i  ..in  n  i  o  Dm  1  c  "  for'  analysis.) 

Peacock,  P.  B. ,  J.  W.  5 i Hp son ,  c.  A.  Alford,  Jr.,  and 

F.  Sjj  nde.-r 

C  0  N  G  i  N  1  T  A  !  A  N  0  M  A  LIES  I  N  A I.  A  B  A  M  » 

j  .  M e il.  As  ',0  c  .  Ala.,  V  o  l .  41,  No.  1  ,  pp .  42-50  (  1  971  )  (See 

"  I  n  i  i)  o  >  •  !  o  I  a .  s  i  ”  for  a  r.  a  l  v  s  i  s  -  ) 
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L.  i  t  of  Anal  y  a  es  (conti  n  ucd  ) 


.ij.Mov  i,  M .  N. 

FINICAL  manifestations  of  reactions  to  microwave  irradiation 

\l  VARIOUS  OCCUPATIONAL  GROUPS 

■i  P.  C  ;•  o  r  ■:  L  i  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
AWARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 

i ,  an.  261-267  (  1  974)  (See  "Epidemiologic"  for  analysis 

i  e  k  i  t’  i  v  1 1  s  C  i  ,  M  . 

"IJDY  P  F  THE  HEALTH  STATUS  Of  MICROWAVE  WORKERS 
r>  F.  l;e'  si  :  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
A/ARLS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 

;i '  ■  i  w  ,  2  7  3-280  (  1  974  )  (See  "  E  p  i  de  m  i  o  l  o  y  i  c  "  for  analysis 
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..its  selected  or;  the  basis  of 
pnoosure  to  microwaves  were 

examination  of  the  lens.  Contr; 
a  nt  i  n  e  d  a  l  o  n  q  with  them,  the  examiners 
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•  o  r  d :  ■  H  a  r.  rj  a  comparison  made  between  the  two 
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this  count  ry.  Instead,  it  tended  to 
hat  the  existing  safety  level. 
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subject  was  scored  by  the 
presence  or  absence  of  each 
than  on  magnitude  scales. 


rj, . •  presented  in  this  paper  were 
or  n»i  l  i  tary  and  civilian  personnel 
f  subjects'  at  five  Army  stations 
v?  equipment.  The  test  and  control 
f  selected  by  he  total  director  of 
ns.  r.  ar.  h  subject  was  scored  by 
‘i  i  L  o  a  1  s  t  s  I  ;>  t  li  e 
r  l  =  1  qr:  s  r  t  h  8  r 

„  t  h  j  *  h  -  r  retrospective  epidemiologic 
o u  ■->  i  I  t  •*.  t  i  v  e  information  on  R  F  R 
i  rs  |i,ui'  densities,  d  u  r  a  t  i  or  s  ,  and  other 

:  a«.  King.  At  best,  it  can  be  said  that 
•  q-i.-oc  probably  were  exposed  to 
it  r  R  i  i  1  ijirr  p  o  w  e  r  densities  and  l  0  n  g  e  i 
,  i-  ,  r  >  •  i  e  control  groups,  and  that  it  1  s 
.. .  j  i  .  i  ,  r  .  •  purer  g  r  o  u  p  was  ever  exposed  to 

i  •  ,  d  ■  r, :  >  '  f  m  W  /  r  m  .  ?  , 
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Cleary,  S  .  ‘  in:  H  .  c,  .  Pasternack 

LENTICULAR  CHANGES  IN  MICROWAVE  WORKERS-A  STATISTICAL  STUDY 
A  “■  .  frivinv,.  Health,  Vol.  I,1,  po.  25-29  (1  966) 

ST  i .  t  >  Type:  ;4)  Ocular,  (  1  )  Epidemiologic;  IN-VIVO;  HUMAN 

E  1  f  >■  r  r  type:  Ocular  damage  from  occupational  exposure  to  RFR 

F  r  e  q  u  e  n  y  /  w  a  v  e  l  e  n  g  t  h  :  Unknown 
Modulation:  Unknown 

Power  Densities:  Unknown 

S  A  R :  Unknown 

Exposure  conditions:  Occupational  exposure  at  16  microwave 

in  seal  lations 

AUTHOR  SUMMARY:  An  analysis  of  the  relative  incidence  of  lens 

changes  in  a  sample  of  microwave  workers  and  a  control  sample 
revealed  a  statistically  significant  increase  in  rate  of 
accumulation  of  specific  types  of  defects  in  the  lenses  of 
microwave  workers.  It  was  also  noted  that  specific  areas  of 
microwave  work  specialization  differ  in  regard  to  incidence  of 
lens  defects  and  correlations  with  microwave  exposure 
parameters.  Since  the  number  of  defects  increased 
significantly  with  age  in  the  control  group  as  well  as  in  the 
group  o'  microwave  workers,  this  process  may  be  interpreted  as 
indicating  lens  aging.  Occupational  exposure  to  microwave 
radiation  may  oe  implicated  as  a  stress  which  increases  the 
rate  of  lens  aging  although  it  is  impossible  at  present  to 
relate  this  effect  to  functional  impairment  such  as  loss  of 
visual  acuity  or  cataracts.  Further  investigations  of  the 
basic  mechanisms  of  cataract  induction,  as  mediated  by  exposure 
to  electromagnetic  radiation,  are  necessary  to  determine  the 
significance  o'  the  relationship  between  occupational  exposure 
i  n  a  l  e  n  s  o  a  m  a  g  e  . 

OTHER  INFORMATION:  Detailed  occupational  histories  were 

obtained  for  currently  employed  personnel  at  16  microwave 
installations  b v  using  a  microwave  questionnaire.  A  group  of 
7  56  worker  occupationally  exposed  to  RFR  was  selected  for 
study,  aid  another  group  o  f  559  individuals  from  the  same 
locations  a  •-  ci  occupational  environments  (other  than  RFR)  was 
selected  f  or  control.  Both  groups  were  given  slit-lamp 
examine; ions  and  each  person  was  graded  for  subcataractous  lens 
charges  classified  as  minute  defects,  opacification,  posterior 
do  a  r  o.  e  fee's,  relucency,  and  sutural  defects  on  a  scale  from  0 
f  c  •'  i  n  s  '  u  n  i  f  i  c  a  n  *  changes  to  3  for  large  numbers  of  changes. 

An  eye  score  consisting  of  the  unweighted  sum  of  scores  for 
•:  ci  ■  h  type  of  defect  was  calculated.  A  relative  exposure  score 
w.i  s  iv  ;gned,  based  on  weights  given  to  the  types  of  microwave 
«*qu  i  pm  •  nvoived,  distance  from  equipment  during  operation, 

d  u -  a  t '  .  I  work  with  each  type,  and  other  relevant 

chari.  “T’ sties.  Stat.stical  treatment  of  the  data  indicated 
•hat  >.  ne  age  distribution  of  the  exposed  group  differed 
s ■ qn ; f i c a n t l y  from  the  control  group  and  that  both  groups 


i.' '  i  i  ■  c  ci  L  uiiijit)  ol  tie  Lens,  as  determined  from 
Uniiechel  ess,  i  he  investigators  were  able  to 
alls  1  \  r  i  t  r  t.  iir  t  (a;  Less  than  the  b%  level  ) 
sco  r  e  s  i  c  r  c  Ip  e  exposed  group  in  opacifications 
i  jlj'  i  -  f  t  c  t  •  .  However  ,  the/  state  that  no 
>  ■  ,  .  l.  :  h  i  ;  loss  o  t  visual  acuity  or  increased 

„  ;■  Mac,  t  o  i  ,ii  a  t  i  on  have  been  associated  with 


;  1  u  d  [  :  A";  _  :i  a  Ire  major  problems  with  this  study  were 

-r.  i  n  a  .i  o  1  si  riipp.i  ion  between  x  he  exposed  and 
■  .  u  i  ana  i  ie  -  reldteii  lens  changes  in  b  o  t  n  groups. 

u  r-  a  ling  c  r  ea.h  individual  for  Lens  changes  on  a  0-3 
;  a  a  i  'i  •  he  use  or  a  .iinple  composite  eye  score  are 
'•  ure i ;  a  t  were  evidently  not  associated  with  actual 
■  j  a  i  acuity  in  the  individuals  examined. 

..  ’  ■ . v  :  ni  •.  s  t  i  c a  L  analyses  based  on  such  measures  can 


Cleary,  S.  F.,  B.  S.  Pasternack,  and  G.  W .  Beebe 
CATARACT  INCIDENCE  IN  RADAR  WORKERS 

Ar  i  n.  Environ.  Health,  V o t .  11,  pp.  179-181  (1965) 

Stud,  type:  (4)  Ocular,  (1)  Epidemiologic;  IN-VIVO:  HUMAN 

Effect  type:  Ocular  damage  from  occupational  exposure  to  RFR 

Frequency/wavelength:  Unknown 

Modulation:  Unknown 

Power  Densities:  Unknown 

SAR:  Unknown 

Exposure  conditions:  In  military  service  during  World  War  II, 

and  the  Korean  War 

REVIEWER  SUMMARY:  This  paper  describes  a  retrospective  study 

of  cataract  incidence  in  Army  and  Air  Force  veterans  of  World 
War  II  and  the  Korean  War  to  determine  whether  such  incidence 
may  be  related  to  occupational  exposure  to  RFR.  A  preliminary 
study  indicated  that  a  sample  of  about  2,500  cataract  cases  and 
a  control  group  of  the  same  size  would  be  sufficient  to  permit 
detection  of  a  twofold  increase  in  relative  risk  with  a 
probability  of  80%  at  the  5%  level  of  significance. 

Examination  of  Veterans  Administration  hospital  records  yielded 
2,946  veterans  born  after  1910  who  were  treated  for  cataracts 
during  the  period  1950-1962.  A  random  sample  of  2,164  veterans 
hospitalized  during  the  same  period  for  other  ailments  was 
selected  for  control.  The  military  record  of  each  person  was 
abstracted  to  determine  his  military  occupational  specialties 
(M0S)  which  were  used  to  categorize  him  as  either  a  radar  or 
nonradar  worker.  Of  those  with  cataracts,  19  were  classified 
as  radar  workers  and  100  others  could  not  be  classified  as  the 
basis  of  their  MOS;  of  those  without  cataracts,  21  were 
classified  a",  radar  workers  and  83  others  could  not  be 
classified.  These  numbers  yielded  an  overall  relative  risk 
factor  of  0.67,  with  unity  representing  no  increase  in  relative 
risk  and  value1  larger  than  unity  representing  the  degree  of 
severity  of  the  effect.  Examination  of  Air  Force  data 
separately  yielded  a  risk  factor  greater  than  2,  but  at  a 
significance  level  greater  than  10%.  The  authors  indicate  that 
there  were  too  few  cases  to  draw  any  inferences.  An  analysis 
of  all  the  data  by  age  grouping  suggests  no  alteration  in  the 
age- specific  incidence  of  cataracts  due  to  RFR  exposure. 

OTHER  INFORMATION:  The  authors  point  out  the  limitations  of 
such  a  retrospective  analysis,  e.g.,  the  difficulties  in 
arriving  at.  unequivocal  conclusions  regarding  the  relationship 
between  the  agent  and  the  ailment  of  interest.  They  also 
provide  several  reasons  why  the  negative  results  obtained 
const i tut n  good  evidence  against  the  importance  of  ordinary 
occupational  e  x  r>  o  s  u  r  e  in  producing  cataracts,  but  add  that 
t  h">,.'  r  e  >  u  l  t  s  may  not  represent  possible  risks  to  present-day 
occupational  exposure  levels  because  the  equipment  used  then 
was  Less  powerful  than  those  in  current  use.  In  a  subsequent 


study  (Cleary  and  Pasternack,  1966),  an  endeavor  was  made  to 
assess  cataractogenesis  risk  at  then  current  RFR  exposure 
levels. 

FINAL  CRITIQUE:  Subject  to  the  limitations  of  this  kind  of 
epidemiologic  study,  the  results  provide  no  evidence  that 
occupational  exposure  to  RFR  because  of  military  service  is 
cataractogenic.  Regarding  the  point  about  the  current  RFR 
power  levels  being  higher  than  those  used  during  World  War  II 
and  the  Korean  War,  it  should  be  noted  that  our  knowledge  about 
RFR  c a t a r a c t ogene s i s ,  particularly  the  threshold  power 
densities  necessary,  has  also  grown  significantly,  and  suitable 
safety  regulations  and  precautions  are  in  effect,  to  avoid  the 
occurrence  of  cataracts  from  acute  RFR  exposure,  such  as  the 
relatively  few  cases  documented  in  the  literature  that 
presumably  occurred  because  of  ignorance. 

REFERENCES:  Cleary,  S.  F.  and  B.  S.  Pasternack,  LENTICULAR 

CHANGES  IN  MICROWAVE  WORKERS-A  STATISTICAL  STUDY, 

Arch.  Environ.  Health,  Vol.  12,  pp.  23-29  (1966) 
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'JLiy  ,  A.  W  .  ,  J.  C.  Lin,  P.  0.  Kranar,  and  A.  F.  Emery 
EFFECT  OF  2450-MHZ  RADIATION  ON  THE  RABBIT  EYE 
001  8-9480/ 75/0006-0492,  IEEE  Trans.  Microwave  Theory  ar,d 
Techniques,  Vol.  2  3,  No.  6,  pp.  49?-498  (1975) 

Study  type:  (4)  Ocular;  IN-VIVO;  RABBIT 

Effect  type:  Cataractoqenic  thresholds,  ocular  SAR 

distributions 

frequency/wavelength:  2.45  GHz 

Modulation:  C  W 

Power  Densities:  100,  200,  300  mW/cm.2 

SAR:  0.9?  W/kq  per  mW/cm.2  Pk  in  vitreous  body 

Exposure  conditions:  Exposure  of  right  eyes  to  various 

combi  nations  of  power  density  and  exposure  durations,  with  left 

eyes  serving  as  controls 

AUTHOR  ABSTRACT:  The  cataractoqenic  effects  of  near-zone 

P4S0-MH2  radiation  in  rabbits  are  presented.  The  power 
deposition  pattern  inside  the  eyes  and  head  of  rabbits  has  been 
determined  using  a  thermocouple  technique.  It  was  found  that  a 
peak  absorption  of  0.92  W/kg  occurred  between  the  lens  of  the 
eye  and  the  retina  for  each  mill i wat  t /square  centimeter 
incident.  Time  and  power-density  studies  indicated  a 
cataractogenic  threshold  of  a  150-mW/cm.2  incident,  or  138-W/kg 
peak  absorption  behind  the  lens  for  100  min.  The  threshold 
time  decreased  with  in  creasing  power  density.  Agreement 
between  in  vivo  intraocular  temperature  measurements  and 
finite- element  computer  predictions  reinforces  the  suggestion 
of  a  : hprma!  mechanism  for  microwave- induced  lens  opacities. 
OTHER  INFORMATION:  Measurements  of  intraocular  temperature 

versus  depth  from  the  corneal  Surface  were  made  at  a  constant, 
power  density,  from  which  the  SAR  variation  with  depth  was 
.a1  ’'i1  ;hed.  Also,  temperatures  were  taken  at  a  fixed  depth  in 
*.  he  vitreous  body  immediately  a  f  t  e  r  5-mi  n  intervals  of  R  F  R 
exposure  to:  100  mW/cm.?  for  60  min,  200  mW/cm.?  for  35-40 
tin,  a  u  jO~i  mW/cm.2  for  30-  35  n>  n .  Vitreous  equilibrium 
-  e  n  p  e  <■  a  t  u  r  e  s  were  reached  in  15-20  min  and  were  41  deg  C  for 
1 00  mw/r.m.2  md  higher  for  the  other  two  power  densities.  A 
computer  model  of  the  eye  that  agreed  well  with  the 
measurements  <3t  1  00,  200,  and  300  mW/cm.2  was  used  to  determine 
values  ot  intermediate  power  densities. 

F  I N  A  i.  CRITIQUE:  The  results  are  in  substantial  agreement  with 

I  pile  of  Carpenter  and  Van  Ummerson  (1968)  regarding  the 
existence,  for  2.45  GHz,  of  a  threshold  power  density  of  about 
15  0  nw/r.m.2  for  single  exposures  of  approximately  40  to  100  min 
duration.  Because  of  the  reciprocal  relationship  between  power 
Tensity  .»n.;  exposure  duration  for  ocular  damage,  this  threshold 
value  '  r.  u 1  u  be  applicable  to  exposures  of  longer  duration  than 
10D  mir.  Thus,  the  results  can  be  taken  as  evidence  supporting 
‘he  contention  that  chronic  exposures  (single  or  multiple)  to 
power  densities  well  below  this  threshold  would  not  be 


McAfee,  R.  D.,  A.  Lonqacre,  Jr.,  R.  R.  Bishop,  S.  T.  Elder, 
o  .  u.  May,  M.  G.  Holland,  and  R  .  Gordon 

ABSENCE  OF  OCULAR  PATHOLOGY  AFTER  REPEATED  EXPOSURE  OF 
UNANESTHETI7ED  MONKEYS  TO  9.3'GHz  MICROWAVES 

0027-2739/ 79/0003-0041,  J.  Microwave  Power,  Vol.  14,  No.  1, 
op.  41 -44  (1979) 

Study  type:  (4)  Ocular;  IN-VIVO;  MACACA  MULATTA 

Effect  type:  C a t a r a c t o g ene s i s 
Frequency/wavelength:  9.31  GHz 

Modulation:  0.5  microsec  pulses 

Power  Densities:  15Q  mW/cm.2  Av;  286  W/cm.2  Pk 

SAR:  Greater  than  15  mW/g  in  saline  phantoms 

Exposure  conditions:  Daily  exposures  of  up  to  20  minutes  for  a 

total  of  30  to  40  sessions  over  several  months 

AUTHOR  ABSTRACT:  Unfettered  monkeys  ( M  a  c  a  c  a  mu  l  at  t  a  )  have  been 
trained  to  expose  the  face  and  eyes  to  pulsed  microwave 
radiation  at  a  frequency  of  9.31  GHz  and  an  average  power 
density  of  150  mW/cm.2.  Performance  of  an  operant  response 
required  the  monkeys  to  maintain  the  head  within  the  field  of 
the  radiation  source.  Twelve  monkeys  were  individually 
irradiated  during  30  to  40  sessions  and  then  were  observed  for 
a  period  of  one  year.  No  deleterious  effects  such  as  cataracts 
have  been  observed. 

OTHER  INFORMATION:  Although  the  12  monkeys  were  divided  into 
irradiated  and  control  groups  of  6  each,  both  groups  were 
irradiated.  The  authors  indicate  that  an  additional  group  of 
75  monkeys  that  were  not  irradiated  or  sham-irradiated  is 
serving  as  the  control  population  for  c a t a r a c t o gen e s i s . 

FINAL  CRITIQUE:  No  cataracts  or  corneal  lesions  were  seen  in 
any  of  the  12  irradiated  animals  up  to  12  months  after 
exposure.  Because  the  findings  were  negative,  the  lack  of  a 
sham- i rradi ated  group  is  not  as  important  than  if  positive 
effects  were  obtained.  Based  on  the  information  furnished, 
which  does  not  indicate  specific  exposure  durations  per 
session,  temperature  elevations  in  the  eye  cannot  be  estimated 
with  any  confidence.  The  authors  cite  a  3  deg  C  rise  in  150  ml 
of  saline  for  15  min  of  exposure.  Even  if  this  result  is  taken 
as  a  coarse  estimate  of  mean  ocular  temperature  rise  in  a 
monkey,  such  a  temperature  increase  would  be  unlikely  to  cause 
thermal  ocular  damage.  (Guy  et  al.,  1975,  provide  evidence 
that  a  rise  of  at  least  5  deg  C  is  necessary.)  The  primary 
contribution  of  this  research  is  the  finding  of  no  ocular 
damage  in  unconstrained,  unanesthetized  monkeys  from  multiple 
exposures  to  pulsed  RFR  (9.3  GHz)  for  a  mean  duration  of  about 
15  min  per  session  and  totals  of  30  to  40  sessions  (one  per 
day)  at  an  average  power  density  of  150  mW/cm.2.  This  value  is 
within  the  range  of  c a t a r a c t o g e ne s i s  thresholds  for  single 
exposures  of  rabbits  to  CW  RFR  at  2.45  GHz  for  durations  up  to 
100  min  (Guy  et  al.,  1975;  Carpenter  and  Van  Ummerson,  1968). 


It  should  be  noted  that  the  locus  of  maximum  temperature  in  the 
eye,  not  determined  in  this  investigation,  would  be  closer  to 
the  surface  of  the  eye  for  9.3  GHz  than  for  2.45  GHz. 
REFERENCES:  0022-2739/68/0003-0003:  Carpenter,  R.  L.  and 

C.  A.  Van  Ummerson,  THE  ACTION  OF  MICROWAVE  POWER  ON  THE  EYE, 

J.  Microwave  Power,  Vol.  3,  No.  1,  pp.  3-19  (1968) 
0018-9480/75/0006-0492:  Guy,  A.  W.,  J.  C.  Lin,  P.  0.  Kramar, 

ana  A.  F.  Emery,  EFFECT  OF  2450-MHZ  RADIATION  ON  THE  RABBIT 
EYE,  IEEE  Trans.  Microwave  Theory  and  Techniques,  Vol.  23, 

No.  6,  pp.  492-498  (1975) 
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(  5  )  NERVOUS  SYSTEM  (General) 


List  of  Analyses 


Kolyada,  T.  V.,  P.  P.  Fukalova,  and  N.  N.  Goncharova 
BIOLOGIC  EFFECTS  OF  RADIATION  IN  THE  30-300  MHz  RANGE 
In  P.  Czerski  et  a l .  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 

HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  52-57  (1974)  (See  "Epidemiologic"  for  analysis.) 

K l i mkova-Deut  schova,  E. 

NEUROLOGIC  FINDINGS  IN  PERSONS  EXPOSED  TO  MICROWAVES 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  268-272  (1974)  (See  "Epidemiologic"  for  analysis.) 

Pazde  rova,  J. 

WORKERS'  STATE  OF  HEALTH  UNDER  LONG-TERM  EXPOSURE  TO 
ELECTROMAGNETIC  RADIATION  IN  THE  VHF  BAND  (30-300  MHZ) 

Pracovni  Lekarstvi  (in  Czech),  Vol.  23,  No.  8,  pp.  265-271 
(1971).  English  translation:  JPRS  No.  UDC 

616-001.228.1-057-07  (1971)  (See  "Epidemiologic"  for  analysis.) 
Sadchikova,  M.  N. 

CLINICAL  MANIFESTATIONS  OF  REACTIONS  TO  MICROWAVE  IRRADIATION 
IN  VARIOUS  OCCUPATIONAL  GROUPS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  261-267  (1974)  (See  "Epidemiologic"  for  analysis.) 

Siekierzynski,  M. 

A  STUDY  OF  THE  HEALTH  STATUS  OF  MICROWAVE  WORKERS 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTh 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  273-280  (1974)  (See  "Epidemiologic"  for  analysis.) 
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(5)  NERVOUS  SYSTEM  (Auditory  Effect) 
List  of  Analyses 


Cain,  C.  A.  and  W.  J.  Rissman 

MAMMALIAN  AUDITORY  RESPONSES  TO  3.0  GHz  MICROWAVE  PULSES 
0018-9294/78/0500-0288,  IEEE  Trans.  Biomed.  Eng.,  Vol.  25, 

No.  3,  pp.  288-293  (1978) 

Chou,  C.-K.  and  R.  Galambos 

MIDDLE-EAR  STRUCTURES  CONTRIBUTE  LITTLE  TO  AUDITORY  PERCEPTION 
OF  MICROWAVES 

002 2  -  2 739 / 79 / 00 1 2 - 032 1  ,  J.  Microwave  Power,  VoL.  14,  No.  4, 
pp.  321-326  (1979) 

Chou,  C.-K.  and  A.  W.  Guy 

MICROWAVE-INDUCED  AUDITORY  RESPONSES  IN  GUINEA  PIGS: 
RELATIONSHIP  OF  THRESHOLD  AND  M I C R 0 W A VE - P U L S E  DURATION 
0048-6604/79/1 1 12-S029,  Radio  Sci.,  Vol.  14,  No.  6S, 
pp.  193-197  (1979) 

Chou,  C.-K.,  A.  W.  Guy,  and  R.  Galambos 

CHARACTERISTICS  OF  M I C R 0 W A V E - I N DU C E D  COCHLEAR  MICROPHONICS 
0048-6604/77/1 1 12-S030,  Radio  Sci.,  Vol.  12,  No.  6S, 
pp.  221-227  (1977) 

Foster,  K.  R.  and  E.  D.  Finch 

MICROWAVE  HEARING:  EVIDENCE  FOR  T H E R MO A C 0 US T  I  C  AUDITORY 

STIMULATION  BY  PULSED  MICROWAVES 

Science,  Vol.  185,  pp.  256-258,  19  July  1974 

Frey,  A.  H.  and  E.  Coren 

HOLOGRAPHIC  ASSESSMENT  OF  A  HYPOTHESIZED  MICROWAVE  HEARING 
MECHANISM 

0036-3075/79/1012-0232,  Science,  Vol.  206,  pp.  232-234,  12  Oct 
1979 

Frey,  A.  H.  and  R.  Messenger,  Jr. 

HUMAN  PERCEPTION  OF  ILLUMINATION  WITH  PULSED 
ULTRAHIGH-FREQUENCY  ELECTROMAGNETIC  ENERGY 
Science,  Vol.  181,  pp.  356-358,  27  July  1973 

White,  R .  M . 

GENERATION  OF  ELASTIC  WAVES  BY  TRANSIENT  SURFACE  HEATING 
J.  Appl.  Phys.,  Vol.  34,  No.  12,  pp.  3559-3567  (1963) 
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Cain,  C.  A  .  and  W .  J.  R i ssman 

MAMMALIAN  AUDITORY  RESPONSES  TO  3.0  GHz  MICROWAVE  PULSES 
001 8-9294/78/ 0500-0288,  IEEE  Trans.  Biomud.  Fnq.,  VoL.  25, 

No.  3,  pp.  288-293  (1978) 

Study  type:  (5)  Nervous  system  (auditory  effect);  IN-VIVO; 

CAT,  CHINCHILLA,  BEAGLE,  HUMAN 

Effect  type:  Perception  of  pulsed  RFR  as  ,ound 

Frequency/wavelength:  3.0  GHz 

Modulation:  Pulsed 

Power  Densities:  Various 

SAR:  Not  measured 

Exposure  conditions:  Auditory  evoked  responses  t  j  acoustic  arid 

R  F  R  stimuli  were  measured  for  anesthetized  a  n i m  a  .  ■ . .  Human 
subjects  were  given  RFR  stimuli  only,  but  were  given  standard 
audiograms  and  were  also  tested  for  binaural  Hearing  thresholds 
in  the  1-20  kHz  range. 

AUTHOR  ABSTRACT:  A  study  of  the  effects  of  3.0  GHz  microwave 
pulses  on  the  auditory  systems  of  a  number  of  mammalian  species 
was  conducted.  Some  human  subjects  heard  a  distinct  "click" 
when  irradiated  with  a  sufficiently  intense  individual 
microwave  oulse.  Microwave-induced  auditory- evoked  responses 
were  measured  in  the  cat,  dog,  and  chinchilla.  The  microwave- 
peak  power  density  levels  at  the  threshold  of  producing  an 
auditory  response  were  determined  for  a  number  of  human 
subjects  in  addition  to  the  smaller  animals.  The  inability  of 
some  of  the  human  subjects  to  hear  short  microwave  pulses  was 
correlated  with  hearing  losses  above  8  kHz  in  freouc-ncy. 

OTHER  INFORMATION:  Two  cats,  two  chinchillas,  one  beagle,  and 

eight  human  volunteers  were  studied.  For  the  animals,  surface 
or  brainstem-implanted  electrodes  were  used  to  measure  RFR-  and 
a  u  d i o - e  v  o  k  e  d  responses.  The  evoked  responses  were  similar  for 
the  two  types  of  stimuli  except  for  the  transit  time  delay  of 
the  audio  stimulus.  The  threshold  energy  density  for  RFR 
responses  ranged  from  8.7  to  1 A  micro  joule  s/cm. 2  per  pulse  for 
the  cats,  from  7.5  to  20  for  the  thin  chi  lias,  and  averaged  5.0 
for  the  beagle.  For  a  pulse  width  of  10  microseconds,  these 
values  correspond  to  pulse  power  densities  of  1.3  W/cm.2  for 
both  cats,  1  and  2  W/cm.2  for  the  chinchillas,  and  300  m W/cm.2 
for  the  beagle.  Five  of  the  human  subject -  could  d elect 
15-microsecond  Dulses  a  s  clicks;  the  other  three  required 
20-microsecond  pulses.  A  strong  correlation  between  RFR 
perception  and  hearing  ability  above  8  kHz  as  determined  from 
the  binaural  thresholds  was  noted.  T  h e  average  threshold 
energy  density  for  the  humans  was  10.6  microjoules /cm. 2  per 


pulse.  For  15-microsecond  pulses,  this  corresponds  to  about 
700  mW/cm.2  nulse  power  density;  however,  three  subjects  were 
able  to  perceive  15-microsecond  pulses  at  300  mW/cm.2  (4.5 
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sufficient  detail  to  render  additional  analysis  unnecessary. 
The  300  mW/cm.2  threshold  value  found  for  three  of  the  eight 
human  subjects  can  serve  as  a  conservative  value  for  reference 
purposes  (  e  .  g  .  ,  for  environmental  assessments).  Also,  as  the 
authors  point  out,  the  animal  results  corroborate  the 
theoretical  predictions  of  Lin  (1976). 

REFERENCES:  Lin,  J.  C.,  M I C R OWA V E - I N DU C E D  HEARING:  SOME 

PRELIMINARY  THEORETICAL  OBSERVATIONS,  J.  Microwave  Power, 

V  o l .  11,  No.  3,  pp.  295-298  (1  976) 


Chou,  C.-K.  and  R.  G  a  lamb  O'. 

MIDDLE-EAR  STRUCTURES  CONTR]  BUT  ;  M  !  ■  !  '  !.•  A  !  1 !)  ’  r  QR  <  PERCEPTION 

Of  MICROWAVES 

0022-2739/  79/  001  2-0321  ,  J.  M  i  •  -  w  a  o  ■■  ?ow-  ^  V  .  14,  No.  4, 
pp.  321-326  (19/9) 

Study  type:  C  5  )  Nr-r  vo  r,  system  (,vid  ;  tor/  e  f  1  c  <•  ) ;  IN-VIVO; 

GUINEA  PIG 

Effect  type:  Brain- stem  evoked  responses  to  rer  and  audio 

stimuli 

Frequency/ wave  length:  918  MHz 

Modulation:  10  mi crasec  pulses,  30  pp 

Power  Densities:  Not  stated 

SAR:  0.027  to  11.05  J/kg  A  v 

Exposure  conditions:  A  n  e  s  t  h  e  t  :  /  >  > : :  a  ; :  :  t.  a  :  with  s  > 1  a  d  s  •  n 

circular  uavequi  de;  acoustics.  ..  •'  :  :  .  ouo  v  ;  -a  k  »  r 

AUTHOR  ABSTRACT  :  The  con  t  r  ;  bu  T  :  cu  '  t  h  tr  s  ;  ■-  >  c  e  •  (mid  d  I.  --ear 

bones  )  to  auditory  perception  ct  m 1  •  r  ow  a  •„  ~s  was  o  v  a  l  u  a  t  e  a  by 

the  brain-stem- evoked  response  ( B  E  R  t  .  Airr. :  i  »  uce  >  n  d  .  atcncy  of 

B  E  R  S  were  recorded  f  r  o  m  guinea  pi  :  ■  '  1  .  '  •■:  r  ■  m  i !  a  t  e  d  at 

various  intensities  by  acoustic  pu  l  e  .  r;  i  -  a  .  t.  h  e  a  u  i  :  tor  / 

canal  or  via  bone  conduction,  arid  ;  ••  ,  w  a  v  *  n  1  res. 

Blocking  of  the  external  ear,  m  d  o  l  e-  ■-  a  r  jam  p  r  ,  a  n  c 
middle-ear  destruction  produ  c  e  o  ■  \  t  -  <•  s  r.  g  •  -  -  •  >  BE  R  s  that 

were  elicited  by  mi  crowave  pu  !  e  ..  .  R  g  u  i  •  •  -  ■■  ■  ■  *  r  h  a  t 

activity  in  the  centra1  a  u  d  ;  t  c  r  /  pathway  a  :  i  ■  c ..  ■  ■  s  ::  ••  oulsed 
microwaves  only  requires  s  t  i  m  u  l  a  t  i  o  r,  o  f  '  ' 1  •  c  t  l  -  a  .  C  c  o  d  u  c  t  i  o  n 
of  pressure  waves  through  the  b  ones  <:■  ’  “  :  ca  a  ■  :  it  appear:  to 

be  the  mechanism  responsible  in  percept  ;  ■  >■  c  *  o  i  '  s  e  j 

mi crowaves. 

OTHER  INFORMATION:  The  right  cochlea  of  each  arena!  was 

destroyed,  and  the  basic  measurement  tec  a  i  que  «.  j  to  record 

t  he  amplitudes  and  latencies  o  *  t  <*.  <:  b r  a  '  n  -  s  t  -  m  -  e  v  •:  r  e  .1  responses 

(BER  s  )  to  R  FR  and  acoust  i  c  stimuli  >■,  y  m  e  a  n  --  o  f  a  n  a  •'  r  o  * 
c  a  r  b  o  n  -  l  o  a  d  e  d  Teflon  electrodes,  one  o*  w  -■  ;  :  h  >  c  s  a  t  t  a  c  h  e  i  t  n 
the  skin  and  the  other  to  t  he  left  me':  '  d  r  •'  c.  e  s  t  ( U  s  e  u : 
such  electrodes  f  or  recording  F  F  G  s  du  -  i  ng  pcr  e  >: ;;  ,  •:  q  r  »  is 
described  in  Chou  and  Guy,  1  979  .  >  T  ■  ■  B II  R  w  e  >  o  ■-  e  “  i  r  d  e  d  after 
each  of  the  following  successive  t  r e a • me n t ■  :  ( 1  )  :: !  a  c k  i  n  q  o f 

the  left  external  meatus  with  miners:-  i  ■  -  ,  o  a  k  e  -j  n  t  t  o  n  b  a  I  Is, 

( 2 )  alterat i on  -  '  the  mechan  i  »  dam  n  ;nq  >  f  ‘  h e  •  :  u ( a  r  chain 

by  filling  the  bull  a  w’th  m  '  n  e  r  a  :  i  i  '  ,  i  !  e  t  ■  t  •  o  r.  o  f  the 
middle  e  a  r  ••  cut  t  i  ng  t  he  o  s  s  '  c  u  '  a  '  k  .  i  ;  -mo  p  •  ■,  <-  :  n  o  t  he 

t  /moan  i  c  in®  ,  and  (  4  )  j e  s  ’■  r  > j  :  1  :  n  •’  t  ! .  • ;  •:  <>  -j  b ••• 

piercing  '  jund  window.  A  c  ■■■- 1 .  c '  ;  -  :r.  ■ .  it:-  ♦  a  I  .  of  the 

tin  i  ma  !.  s  w  a  s  ,  i  a  air  con  d  u  c  t  4  on  f  r  o  t-  a  '■  e  :  e  c  tweeter. 


I  r.  addition,  for  3  animals,  c  o  m  n  a 
to  both  airborne  and  bone- c o  n d u  c ‘ 
pi e  z o  e l e  c t  r i  c  t  r  a  n s  d u c  e  r  in  c  o  n  t  a 
:  h-'  ■  a  t  t  <•  r  .  T  re  jtments  (  1  )  ami  i 


w 


w  ••  r  e  m  a d  t:  !'. et  ween  B  E  R  s 
■ : u  ‘  i  c  s  J  :  ••'•j  I  :  ,  using  a 
1  b  ‘he  I  -cct  n  b one  f  o  r 


a  ;  j  r  n  e 


i  i  ■  j  l  !.  y  -  ;  t  i  m  u  l  a  t  e  d  BERs  but  not  the  R  F  R~  i  nd  u  c  e  d  B  E  R  r,  . 

<  5  )  further  reduce>l  the  a  i  r  borne  acoust  1  c  B  E  R  s ,  and 
r  <•» ,  j  •  ed  the  bone  - conducted  a  c  oner  }  c  BERs  and  t  he  RFR  BERS 
i  teaser  extent  than  the  airborne  acoustic  BERs.  After 
■■f  u  men  :  (  4  )  (cochlea  destruction),  no  BERs  were  obt  a  •  ned  f  r  o  n 

;  t  h  .>!  acoustic  or  RFR  stimuli. 

[ MAi  CRITIQUE:  The  experimental  results  constitute  strong 

.  ;  ■)  e  r. e  that  cochlea  activation  is  necessary  for  aud  i  tor  y 
ept  :  n  ••  f  noised  RFR.  The  similar  BERs  obtained  from 
ron.-i'jc  t  ed-acoust  i  c  and  RFR  stimuli  after  destruction  of 
n  e  -n  i  d  d  1  e  ear  and  the  much  tower  BERs  obtained  for 
irb erne-acoustic  stimuli  support  the  hypothesis  that 
•■'•reption  is  due  to  transduction  of  RFR  into  acoustic  waves 
i*  unspecified  locations  in  the  head)  which  travel  via  bone 
"induction  to  the  cochlea.  Thus,  these  results  lend  credence 
o  the  various  hypothesized  RFR-to-sound  transduction 
"ci  ioniums  and  negate  the  hypothesis  of  perception  by  direct 
e  i r  a  i  simulation  by  RFR. 

EFcRENCES:  0022-2759/79/001 2-0321 ,  Chou,  C.-K.  and  A.  W.  Guy, 

ARBON-lOADED  TEFLON  ELECTRODES  FOR  CHRONIC  EEG  RECORDINGS  IN 
'R0wA/E  RESEARCH,  J.  Microwave  Power,  V  o  I.  .  14,  No.  4, 

■  .  s  2 1  -  5 2  6  (  1  9  7  9  ) 


Clou,  C  .  ~  K  .  ,  and  A.  W.  Guy 

M ICR 0 WAVE- INDUCED  AUDITORY  RESPONSES  IN  GUINEA  PIGS: 

RELATIONSHIP  OF  THRESHOLD  AND  M  I  C R 0 W A V E - P U L S E  DURATION 
0048-66 Q4/79/1 112-S029,  Radio  Sci.,  Vol.  14,  No.  6S, 

..  ■.  .  1  93-197  Cl  97  9) 

Stud;,  tvr>t_:  (5)  Nervous  system  (auditory  effect);  IN-VIVO; 

GUINEA  PIG 

E  f  t  e  r t  type:  Thresholds  for  auditory  perception  of  pulsed  R  F  R 

O'tMuency/wavelength:  918  MHz 

Modulation:  10  to  500  microsec  pulses  at  30  pps 

Fewer  Densities:  Up  to  90  mW/cm.2  Av 

S  A  R  :  Vo  r  i  o  j  s 

Entcsure  conditions:  Animals  with  heads  in  circular  waveguide; 

acoustical  stimuli  by  loudspeaker 

AUTHOR  ABSTRACT:  Auditory  brain-stem-evoked  electrical 
responses  of  guinea  pigs  were  used  to  determine  microwave 
energy  thresholds  for  perception  of  pulsed  radiations.  A 
>  lystron  was  used  to  generate  918-MHz  microwaves  at  pulse 
widths  between  10  and  500  microsec;  the  microwaves  were  fed 
’ n  t  o  a  circular  waveguide  that  partly  enclosed  a  guinea  pig's 
Lead.  At  pulse  widths  less  than  30  microsec,  thresholds  were 
related  to  the  density  of  absorbed  energy  (and  to  the  density 
o*  incident  energy).  The  minimal  absorbed  energy  density  per 
:  u 1 s e  is  5  nJ/Lg.  As  the  width  of  the  pulse  increased,  the 
■•ire  s  hold  11  n  e  r  n  y  increased.  For  pulses  longer  than  70 
•  icrosec,  thresholds  were  related  to  the  peak  of  the  incident 
nower  density.  The  maximal  power  density  of  incident  radiation 
is  90  mW/cn.2  iri  the  circular  waveguide.  The  dependence  of  the 
evoked  response  on  the  width  of  the  microwave  pulse  is  in 
excellent  a  ■ :  r  t  e  m  e  n  t  with  predictions  of  t  herma  l-expans  ion 
theory.  These  results  provide  more  evidence  that  the  microwave 
auditory  effect  '  s  caused  by  a  thermal  expansion  in  the  exposed 
head. 

OTHER  INFORMATION:  Brain-stem-evoked  responses  (BERs)  to  RFR 
and  acoustic  -timuli  were  detected  by  means  of  a  pair  of 
:  a  riion  - 1  oaUed  Teflon  electrodes,  one  of  which  was  attached  to 
t  1  ■  e  ,  k i n  and  the  other  to  the  mastoid  process  on  either  side. 
(Use  of  such  electrodes  for  recording  EEGs  during  RFR  exposure 
i  described  in  Chou  and  Guy,  1979.)  Acoustic  stimuli  were 
p  !  r  o  v  e  r  i  f  v  the  hearing  ability  of  each  animal.  The 
threshold  of  input  power  for  a  detectable  RFR- induced  BER  was 
a  r  m  i  n  e  J  for  each  pulse  width  (10  to  500  microsec),  and  the 
value  was  divided  by  the  cross-sectional  area  of  the  cylindrical 
sivnuidf-  (about  320  cm. 2)  to  obtain  the  corresponding 
threshold  peal  incident  power  density.  Also  calculated  was  the 
'  ■  ■  i  d e  n  t  enony  density  per  pulse  for  each  pulse  width,  and  the 
■  .  '  r  m:  •>(  il  ion  frequency  (30  pps)  was  used  to  calculate  the 
'  "  c  i  d 0  n :  avorane  power  density.  Lastly,  the  threshold  average 
1 ;  crier  ;/  density  per  nulse  was  obtained  from  the 


8  8 


incident  energy  density  per  pulse  by  dividing  by  the  mass  of 
the  animal's  head . 

FINAL  CRITIQUE:  The  dependence  of  the  threshold  for 
RFR-induced  BERs  on  pulse  width  is  consistent  with  the  results 
of  Frey  and  Messenger  (1973)  on  auditory  perception  of  pulsed 
RFR  by  humans,  and  with  the  results  of  Gournay  (1966)  and  of 
Foster  and  Finch  (1974)  on  transduction  of  pulsed  RFR  into 
acoustic  waves  by  transient  thermal  expansion,  and  therefore 
support  that  transduction  hypothesis. 

REFERENCES:  002 2- 2 739 / 79/ 00 1 2- 03 2 1 ,  Chou,  C.-K.  and  A.  W.  Guy, 

CARBON-LOADED  TEFLON  ELECTRODES  FOR  CHRONIC  EEG  RECORDINGS  IN 
MICROWAVE  RESEARCH,  J.  Microwave  Power,  Vol.  14,  No.  4, 
pp.  321-326  (1979) 

Foster,  K.  R.  and  E.  D.  Finch,  MICROWAVE  HEARING:  EVIDENCE  FOR 
THERMOACOUSTIC  AUDITORY  STIMULATION  BY  PULSED  MICROWAVES, 
Science,  Vol.  185,  pp .  256-258,  19  July  1974. 

Frey,  A.  H.  and  R.  Messenger,  Jr.,  HUMAN  PERCEPTION  OF 
ILLUMINATION  WITH  PULSED  U LT R A H I GH - F R E QU E N C Y  ELECTROMAGNETIC 
ENERGY,  Science,  Vol.  181,  pp.  356-358,  27  July  1973. 

Gournay,  L.  S.,  CONVERSION  OF  ELECTROMAGNETIC  TO  ACOUSTIC 
ENERGY  BY  SURFACE  HEATING,  J.  Acous.  Soc.  Am.,  Vol.  40, 
pp.  1322-1330  (1966) 


t 


■  >'Ou  ,  C  . -K  .  ,  A  .  *>  . 

•  H  A  R  A  C  r  F  R  :  S  f  I  C  !•  1  !  C  R  «  A  ; 1  - 

•  1)4  '  -  q  t  '1  .  <’  i  '  1  1  '  -  !'  ••  ;  ,  a  :  1 

>'!-• 

.  \  ;  : ,  C  A  1 

*  .  o  :  P  F  R  -  i  o  4  .  •  j  . 

:•  e  !  i  e  n  '  '  w  a  v  e  ■  n  1  t  m  :  9  1  X  , 


•<1  !  .  i  '  :  :  1(1  ■■  ■  .  -  : 

'  W  t-J  ^  ^  f ’  i  ?  t  r*  •'  ^  1  .i  •  »  ■  1 


A  :v;  ’  H  0  R  A  3  ,>  r  9  A  C  '!  .  j 

4  '  o  r  C5  •'  i  *  J f'  ■'!  r  r  o " 

'  r  ,J  i  ’  3  *  ;  '  o  b  x  :  ’  ■-  1  n  0  r 


a  •  j  ’  ■  .!  !.  .)  '  i  ’  ,t  t  --  ’  '  '■  j  '■ 

•  i ...  "  a  r  i  o were  s  '  m  •  l  -i  ■  i  r  r  e  o  ■ 

:■  i  ;  :  a  p  d  L  i  c  i  i  '  ..  P  if  vn 

w  -»  -  e  n  o  *'  i  o  f  j  e  .o  c  u  . ;  v  ">  r  i  "  • 

.  t  -  •  \  q  '  ;  ;  : 

v  •»  •  *•  '  t  he  •  i  '  -i  ■  ■  ■  ■ 

w  ■  •'  e  .  e  r  a  '  j  '  n  -  ■■■.■'  ’ 

.jin  ’  •:  ri  ■  ■  ’  ’Hi  ’  n  a  s  1  '  -  -  r 

v  :  >>  £  •  ;  -  o  wa-ve-  '  '  :  I 


V  ' '  !  i'OCHlF.AR  microphoni  cs 

...  Vo;.  12,  No.  6  S  , 

nidi  Lory  effect);  IN-VIVO; 

i  ■  ni  crophonics 

4  (  I  ^  II  > 

"  ,  1  0  (j  PPL 

)  •  i  o m e  r s  up  to  10  k W 

;  0.51-0.8  for  cats 

:  and  small  cats  with  heads  in 

~our  re  and  horn  for  adult  cats 
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- M  H  ?  pulsed  microwaves.  Both 
•  a  »avegui  de  exposure  system 
The  CM  frequency  and 
‘  ■  >  rf  carrier  frequency  and 

of  he  CM  (except  amplitude) 
i  i ■  n  the  body  axis  to  the 
■  :  •;  f  microwaves  for  pulses 
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.1  i  m  <m'j  ;  o  r,  ••  !  ;  e  ’’  ■;  a  d 

2  .  C  f  o  r  *  ’  :  '  e  •'  a  ,  . : :  i  (  .  '■ 

FINAL  C  =  T  7  ■  Q  U  E  :  In  ’  >:•  s  . ; 

a  u  o  ;  t  j  r  y  *.>  e  ;  u  l  ;  o  n  c. 

he  R  F  R  into  a  0  i  s  ‘  i  ■;  e 

-  O  . ,  . )  ■  ,  -■  r  r  ..  j  :  t 


.  .  .  i  : s  (CM)  were  recorded 

*  "i  e  round  window  and  the 
■  ;  o-oximal  tissue.  In  the 

inversely  with  body  mass; 
w  i  •'•insistent  variation  of  CM 

i  ■  also  noted  that  although 
: ■  i p  n  s  i o  n  s  ,  skull  thickness, 
i . i r v  at  increase  with  body 
i  sen s; o ns  increase  only 

*■  he  CM  frequency  correlates 
.  •  i  i v  i  t  y  but  not  with  the  other 

r 1 e  average  threshold 
•■ere  10  m  J  /  k  g  for  adult  cats, 

I  i;;  ’  gu  ’  n  e  a  pigs. 

‘  ■  r. ::  suoport  the  hypothesis 

pi  ■;  R F »  is  due  to  transduction 
■ay  .  i'l.i  t.  this  specific 
■  r  ■  ,  i  : g  h t  into  the  transduction 
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Foster,  K.  R.  and  E.  0.  Finch 

MICROWAVE  HEARING:  EVIDENCE  FOR  THERMO ACOUSTI C  AUDITORY 

STIMULATION  BY  PULSED  MICROWAVES 
Science,  Vol.  185,  pp.  256-258,  19  July  1974 
Study  type:  (5)  Nervous  system  (auditory  effect); 

non-bi o  l  og  i cal 

Effect  type:  RFR-induced  elastic  waves  in  water 
Frequency/wavelength:  2.45  GHz 

Modulation:  2-27  microsec  pulses 

Power  Densities:  5.3  W/cm.2  Pk 
SAR:  Not  applicable 

Exposure  conditions:  Polystyrene  tanks  of  various  sizes 
containing  0.15-N  KCl.  A  hydrophone  was  used  for  measuring 
peak  sound  pressure  as  a  function  of  pulse  width  and  filter 
bandwi dt  h  . 

AUTHOR  ABSTRACT:  Acoustic  transients  can  be  thermally 
generated  in  water  by  pulsed  microwave  energy.  The  peak 
pressure  level  of  these  transients,  measured  within  the  audible 
frequency  band  as  a  function  of  the  microwave  pulse  parameters, 
is  adequate  to  explain  the  "clicks"  heard  by  people  exposed  to 
microwave  radiation. 

OTHER  INFORMATION:  A  theoretical  treatment  is  given,  showing 
that  for  short  pulses,  the  peak  sound  pressure  is  proportional 
to  the  energy  per  pulse,  whereas  for  long  pulses,  the  pressure 
is  proportional  to  the  incident  power  density.  The  authors' 
experimental  results  indicate  that  the  transition  between  the 
two  regimes  occurs  for  pulses  of  20  to  25  microseconds 
duration.  An  interesting  additional  result  is  that  the 
acoustic  signal  is  not  obtained  in  water  at  4  deg  C  and  that 
the  polarity  of  the  transient  acoustic  signal  for  water  between 
0  and  4  deg  C  is  reversed  from  that  for  temperatures  above  4 
deg  C  . 

FINAL  CRITIQUE:  The  results  of  this  investigation  confirm 
those  of  White  (1963),  and  as  stated  by  the  authors,  the 
dependence  of  sound  pressure  on  pulse  duration  and  incident 
power  density  is  consistent  with  the  results  at  1.245  GHz  of 
Frey  and  Messenger  (1973).  The  finding  that  the  acoustic 
effect  is  absent  for  water  at  4  deg  C  (where  its  expansion 
coefficient  is  essentially  zero)  is  significant  in  that  it 
indirectly  supports  the  hypothesis  that  the  phenomenon  is 
produced  by  transient  heating. 

REFERENCES:  Frey,  A.  H.  and  R.  Messenger,  HUMAN  PERCEPTION  OF 

ILLUMINATION  WITH  PULSED  U LT R A H I G H - F R E QU E N C Y  ELECTROMAGNETIC 
ENERGY,  Science,  Vol.  181,  pp .  356-358,  27  July  1973 
White,  R.  M.,  GENERATION  OF  ELASTIC  WAVES  BY  TRANSIENT  SURFACE 
HEATING,  J.  Appl.  Phys.,  Vol.  34,  No.  12,  pp.  3559-3567  (1963) 
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Frey,  A  .  H  .  a n d  F.  .  Coren 

HOLOGRAPHIC  ASSESSMENT  OF  A  HYPOTHESIZED  MICROWAVE  HEARING 
MECHANI SM 

0036-8075  / 79/  101  ,1-OZIZ,  Scienr.:,  Vol.-’Of,,  pp.  232-234,  12  Oct 
1979 

Study  type:  (5)  Nervous  system  (auditory  effect);  IN-VITRO; 

RAT,  GUINEA  PIG 

Effect  type:  Holographic  detection  of  tissue  movement  in  the 

head  in  response  to  pulsed  R  F  R 
Frequency/wavelength:  1.1 -1.3  GHz 

Modulation:  Pulsed 

Power  Densities:  1.25-8.5  W/cm.2  Pk 

SAR:  Not  indicated 

Exposure  conditions:  Pulse  widths  of  10  and  20  microsec  at 
repetition  rates  of  25  and  50  pps 

AUTHOR  ABSTRACT:  Exposure  of  the  head  to  pu l s e- modu  l  a t e d 

microwaves  induces  the  perception  of  a  sound.  It  has  been 
hypothesized  that  the  electromagnetic  energy  is  converted  to 
acoustic  energy  in  the  skull  and  then  conducted  through  the 
bone.  Dynamic  time-averaged  interferometric  holography  showed 
that  the  predicted  motion  of  head  tissue  did  not  occur.  An 
alternative  locus  for  this  hearing  effect  is  suggested. 

OTHER  INFORMATION:  The  primary  objective  was  to  try  to  detect 

pulsed-RFR-induced  surface  movements  in  the  heads  of 
experimental  animals  shortly  after  sacrifice,  starting  with  the 
skin,  and  a  *  t  e  r  successive  removal  of  dorsal  areas  of  skin, 
musculature,  skull,  and  the  brain.  The  authors  indicate  that 
with  the  holographic  technique  used,  any  movement  of  a  surface 
is  averaged  over  durations  that  exceed  the  vibrational  periods 
of  the  motion.  Thus  a  stationary  surface  will  appear  bright, 
and  a  nearby  moving  surface  will  appear  dimmer,  with  the 
intensity  diminution  being  dependent  on  the  magnitude  of  the 
surface  displacement.  The  authors  also  state  that  they 
compared  holograms  obtained  from  each  animal  during  RFR 
exposure  with  holograms  from  the  same  surfaces  of  the  same 
animal  taken  during  sham  exposure,  and  could  not  detect  any 
differences.  They  concluded  therefrom  that  motions  predicted 
by  other  investigators  were  not  produced,  and  suggested  that 
the  site  of  transduction  of  RFR  into  elastic  waves  is  more 
likely  to  be  in  the  cot  h  lea  itself  rather  than  elsewhere  in  the 
head  followed  by  transmission  of  the  elastic  waves  to  the 
cochlea  by  bone  conduction. 

FINAL  CRITIQUE:  The  authors  do  not  provide  any  specific 

information  about  the  appearances  of  the  holograms  or  the 
differences  sought  between  holograms  of  RFR-  and  sham-exposed 
surfaces.  Based  on  the  meager  description  of  the  holographic 
technique,  one  would  expert  that  the  brightness  of  a  surface 
having  non  - uni  form  optical  ■‘eflectance  would  appear  non-uniform 
even  if  the  surface  were  stationary.  Also,  a  surface  having 


uniform  reflectance  and  moving  as  a  unit,  i.e.,  without  motion 
of  any  area  relative  to  another,  would  appear  uniformly 
illuminated  (but  presumably  of  tower  brightness  than  if  the 
same  surface  were  stationary).  Without  quantitative 
b r i gh t nes s -d i s t r i bu t i on  data,  it  is  not  possible  to  assess  the 
validity  of  these  no-movement  findings.  A  more  fundamental 
question  is  whether  or  not  the  successive  removal  of  skin, 
musculature,  etc.,  would  alter  possible  R F R - t o- e l a s t i c- w a ve 
transduction.  Suppose,  for  example,  transduction  takes  place 
at  the  inner  or  outer  surface  of  the  skull  with  the  skin  and 
musculature  intact  (which  may  render  the  motion  undetectable 
with  this  holographic  technique).  Would  baring  the  skull  by 
the  removal  of  skin  and  musculature  alter  the  characteristics 
of  the  transduction  process  significantly?  In  the  absence  of 
quantitative  data  and  resolution  of  such  queries,  this  reviewer 
believes  that  the  results  of  this  investigation  do  not  vitiate 
those  of  Chou  and  Galambos  (1979). 

REFERENCES:  0022-2739/79/0012-0321,  Chou,  C.-K.  and 

R.  Galambos,  MIDDLE-EAR  STRUCTURES  CONTRIBUTE  LITTLE  TO 
AUDITORY  PERCEPTION  OF  MICROWAVES,  J.  Microwave  Power,  Vol.  14, 
No.  4,  pp.  321-326  (1979) 


Frey,  A  .  rj  .  and  U  .  ::  ■■ 

HUMAN  PERCEPTION  OP  ,  1  1  N  ■  '  ;‘J  WITH  PULSED 

ULTRAHI  6H-FREQUCNCV  E  i  p  £  ■  v  ■ ' M  A  G  N  !  :  I  C  E  N  E  R  G  Y 
Silence,  V  -  1  .  1  8  1  ,  :  .  1  3  ••  <  •“  ,  '>  u  I  y  19  73 

Study  type:  (St  rie1  /ru  I.iud’  tory  effect);  IN-VIVO; 

HUMAN 

Effect  t  v  p  e :  Percept  '  't  .  i  1  s e  :  R  F  R  as  sound 

F  requency/wavel  engt  it:  1  ,  A  s  G  h  ? 

Modu  1  at  i  on  :  SO  pu  I  s  e  s  /  c  e  •;  o r 

Power  Densities:  90-630  rat1  ;  c  m  .  2  P  k  at  C  -  32  mW/  cm  .  2  A  v  and 
0.19-1.29  m  W / c  m  .  2  A  v  at  5  7 ;)  m  W  :  m  .  2  P  k 
SAR:  Not  measured 

Exposure  condi  f  '  on.;-  Vo '  >’•  -  in  an  anechoic  chamber 

AUTHOR  ABSTRACT :  A  p  r.n  r.  -  i  a  study  of  the  perception  of 

"sound"  induced  by  urn  r  i  i  n  •  •  pulsed-modulated, 

ultrahigh-frequency  e  L  a  c  v  •  o  g  it  e  i  ;  c  energy  indicated  that 
perception  was  o  r  i  m  a  r  i  '  y  i  n  id-eni  u  non  pulse  width.  The 
average  oower  f  •.  .j  :  ■.  <  '  y  affect  perception. 

Perceived  char  ailTt  e  r  -  r  5  r  ,  o  t  !  and  timbre  appeared  to  be 

functions  of  ■»  o  d  .i  .  }  -  i  o  "  , 

OTHER  INFORMATION:  1  <  ■  ■■  repetition  frequency 

(  5  0  /  s  e  c  o :  ■  i  ’  w  i  ••  In  one  set  of 

e  xpe  r  i  men  t  ,  -  c  ■  ■  /  was  held  constant  at 

j .  3  2  m'W  /  .  f  :  <  •  •  ■■  s  vi:'  varied  from  10  to  70 

mi  .  -  q  s  e  c  .  density  was  held 

constant  a "i  c  duration  was  varied  over 

the  same  *•  a  r.  g  e  .  ■  - ■  •  given  3  trials  each.  Each 

subject  was  fir.-  '■  ■<  s  ’  qna  l  for  2  seconds,  the 

perceived  leu ones  r  .  .  :>e  taken  as  reference  (100). 

After  5  sec o n J s  ,  -  -  -  •-  was  presented  for  2 

seconds  a r d  t  he  *  ;  its  loudness  relative  to 

the  reference. 

FINAL  C  R I  T I  o  U ;  :  •  ■  n  *  he  paper  for  each 

test  condition  t  ‘nr  all  subjects  and 

repetitions;  >•.  >  :  q-  yen,  so  the  amount  of 

scatter  can-.  )■  ■■■.-.  -  .  j  e  r  ,  subjective  judgements 

of  relative  i  cum  c  i  •  r ire.  Nevertheless,  the 

vari  at  i  ons  c  f  m  •'  d  with  pulse  duration  a  t 

constant  a  v  “  -  a  q  •  *•*  -r  ■  1  ?•  •;  a*  constant  peak  power 

density  apoea-  ■  ..  r  r  :  «?  o  ret  i  cal  models  based 

on  the  t  r  a  n  si---,  i  1  :  •  ,  such  as  the  treatment  of 

White  ( 1  9  6  5  <  .  u  .we  •  1  . !  -  i  •.  -  re.?  ho  l  d  peak  power 

density  c  f  3  0  m  vJ  ■  -  .  ■  •  -  c  lower  than  the  values 

report®  cl  oy  I  a  r  <•  ‘  .  r  Cain  and  R  i  ssman 

(1973). 

REFERENCES;  Ek.  1  8  -  9 ,  -  ,w  (.  a  ;  n ,  C.  A.  and 

W.  J.  Ri  ssman,  MAMMA!  IAN  ■  i  ‘  u  R  ■  RESPONSES  TO  3.0  GHz 
MICROWAVE  PULSES  ,  I  •- 1  F.  '  '  -  •  •••  1  .  Eng.,  Vol.  25,  No.  3, 

pp  .  2  8  3-79  3  1 9  7  3 ) 


••••.'.'SHNi  SURFACE  HEATING 
.  ;  :  .  53  59-  5567  (  1  963) 

■  .  ■  'iji-t-sr.-  effect); 

•  ■  if  Liquids  and  solids 


:  ■  •'  .  ;dent  on  various 

■"  ;  •  •  '  *  \  x  j  L  .  For  the  latter, 

•  ■  *  i  •  i  n  a  l  *•  pulse  was  about  6 

..  ■■  ■  e  n  ■.  i  t  v  . 

A  •  • .  •  i  *  a  body  is  subjected  to 

•  ■  :  •  ••  rcibardnent  or  rf 

it  j  j  a  result  of  surface 

r  ■  •  ■  .  process  is  analyzed, 

. i :  ■  ;  i "  ;  o‘  an  input  heat  flux 

v  3  r  .  ■  ■  j  •  •  •  ••  • ,  * o  re  I  i  t  e  the  elastic  wave 

•  •  c  f  r  *■  e  in  out.  flux  and  the 

:  ri  •  • r  "  d  •.  i  ■  :  >  •  •  •  >  ‘  t  1 :  e  body.  Experiments 

r  e  r  f  :j  r  •-  .y.  j  ,v  •  *  ■  •  •  •  -  r  ■  •  -  n:<  i  r  f  and  rf  absorption  verify 

r  *  e  ;■  r  :i  e  '  -  :  ■ r  •  *  .  •  •  •  ■■  -  r  -  s  «  i  v  1  amplitude  and  the 

absorbed  ■  o  w  ■  •  >  :  -  ■  •  .  ,  .j  •  i  .  -  rf  late  well  with  the  thermal  and 

e  l  a  s  t  :  c  o  r  o  f  e  r  ’  '  '  :  <=■  »  •  a  t  o  .1  medium.  Comparison  of  the 

elastic  .»•  a  v  *  •  t  r  e  *:  •  jni'l  ’  :  r  ie  with  rad  i  at  ion  pressure  shows 
that  the  former  n  a  .  sc  m  j  >: 1  r  o:it‘  r  than  the  latter,  as 
experiments  have  Jem  o  n  sirs  t  e  d  .  When  a  barium  t  i  t  a  n  a  t  e  crystal 
war  used  t c  detect  the  elastic  waves  produced,  heating  by  a 
.ingle  2  .m  i  c  r  o  e  c  Dulse  of  electrons  or  microwave  radiation 
produced  easily  detectable  signals  at  power  l  e  v  e  L  s  down  to  2 
W  /  c  m  .  2  ,  cor  responding  to  a  computed  peak  surface  temoerature 
rise  of  about  0.001  deg  C. ,  and  oroduced  piezoelectric  crystal 
voltages  ranging  f  »-on  about  one  to  more  than  60  mV/kW/cm.2 
absorbed  power  density. 

OTHER  INFORMATION-  A  comprehensive  theoretical  treatment  of 
the  conversion  of  RFP  pulses  into  elastic  waves  based  on 
transient,  heatin-.  is  given.  Elastic  waves  were  detected  in  all 
metals  tested,  i  r>  s "  v  •?  r  a  I  carbon -  loaded  plastics,  in  water,  and 
i  n  a  si  Iver-coatcd  bar  i  u'"  i  tanatc  piezoelectric  crystal. 

Mixing  (production  if  beat  +*reguenCies)  was  observed  when  two 
pulses  of  different  R  RR  frequencies  were  simultaneously 
absorbed. 

FINAL  C  P  I  T  I  0 IJ  E  :  This  is  an  important  early  paper  cited  by 

later  investigators  of  t  h o  P r  R  auditory  effect.  Most  notable 
’  s  t  H°  c.  a  l  c  u  l  a  t  ion  that  a  b  -  o  r :  t  i  o  n  of  a  2  mi  r  rosecond  pulse 


v.  5  >  NtKVu'Jj  Y  V  T  l  M  (Biooii-Br  jiri  Barrier) 
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Albert,  E  .  N. 

REVERSIBILITY  Of  MICRO WAVE -INDUCED  BLOOD-BRAIN  BARRIER 
PERMEABILITY 

0048-6604/79/1  1 12- S 04 8,  R  i  6  i  o  t  ti  .  ,  Vo l .  14,  No.  6S, 

p  p .  3  2  3-377  (  1  97 9 ) 

Frey ,  A  .  H  .  ,  S  .  R  .  f  >.■ I  a  ,  and  B  .  Frey 

NEURAL  FUNCTION  AND  BEHAVIOR:  DEFINING  THE  RELATIONSHIP 

Ann.  N.  Y  .  Acad.  Sri.,  v .  24  7,  op.  4  33-4  39  (  1  975  ) 

Merritt,  J.  H.  ,  A.  F.  C  n  a  :rp  s  s  ,  a  r.o  S.  J  .  Allen 
STUDIES  ON  BLOOD-BRAIN  BARRIER  f-ERMEABII.  ITY  AFTER 
MICROWAVE  RADIATION 

0301-634X/78/001  5-0367,  R  a  a .  a  n  I  Environ.  Biophys.,  VoL.  15, 
pp.  367-377  (1978) 

Oscar,  K  .  J  .  a  r.  d  I  .  L> .  Haw)  n  s 

MICROWAVE  Al.T  ERA  MON  Of  Tut  3 1  0  0  D  -  b  k  A  I  N  BARRIER  SYSTEM  OF  RATS 
Brain  Res.,  Vo l .  128,  v, p .  2  8  i  -  _ 9 3  (  1  977) 

Oscar,  K .  J.,  S.  P.  1  r  j  e  n  u  c ,  >1 .  I.  talker,  and  S.  I.  Rapoport 
LOCAL  CEREBRAL  BlOOD  F i  0 W  COL  OWING  MICROWAVE  EXPOSURE 
Presented  at  the  3  1  o  e  l  e  ..  t  <  :  \  j  et  •  c  s  Synpos i  um,  U.  of 

Washirgto  •■ ,  Se.it  t  l  o  ,  W  A,  1c  -  2  j  une  1979 

Rapoport,  S.  1 . ,  K.  0  h  n  o ,  W.  ■.  f  r  e  d  e  r  i  c  k  s  ,  and  K .  D.  Pettigrew 

A  QUANTITATIVE  METHOD  TOR  MEASURING  ALTERED  CEREBROVASCULAR 

PERMEABILI TY 

0048-6604/7V/1  1  1  2  /  S  v  5  i  ,  '•<  a  ■ :  i  Sc  i  .  ,  vo  i  .  14,  No.  6  S  , 
pp.  345-348  (1979) 

S pack  man,  D.  H.,  V.  Riley,  A.  w.  Guy,  and  C.-k.  Chou 
STUDIES  Of  Rf  RADIATION  i  fftCiS  ON  BLOOD-BRAIN  BARRIER 
PERMEABILITY  USING  FLU u RES  CL  IN  AND  AMINO  ACIDS 
Presented  at  the  Open  5  y  mpo  -  an  tin  Biological  Effects  of 
Electromagnetic  Waves,  H  e  I  -  ' ; . (  ,  Fml  and,  1-8  August  1  978 


Analyses  under 

NERVOUS  SYSTEM  (Blood-Brain  Barrier) 
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SKI  INTERNATIONAL  NENtO  PARR  CA  F/S  t/it 

USAFSAH  REVIEW  ANO  ANALYSIS  OF  RAOIOFRERUCNCY  RADIATION  BIOEFFE— ETCIU) 
NOV  SI  L  N  HEYNICK*  J  S  KREBS  FJ3A1S-BO-C-0008 


Albert,  E.  N  . 

REVERSIBILITY  OF  M I C R 0 W A V E - I N D U C E D  BLOOD-BRAIN  BARRIER 
PERMEABILITY 

0048-6604/79/ 1 1 1 2-S048,  Radio  Sci.,  Vol.  14,  No.  6S, 
pp.  323-327  (1979) 

Study  type:  (5)  Nervous  system  (blood-brain  barrier); 

IN-VIVO;  CHINESE  HAMSTER,  RAT 

Effect  type:  RFR-induced  blood-brain  barrier  permeability 

F reqiency/ wave l eng t h :  2.8  GHz 

Modulation:  CW 

Power  Densities:  10  mW/cm.2 

S A  R :  not  given 

Exposure  conditions:  r. ear-field  exposure  for  2  hours 
AUTHOR  ABSTRACT:  Ultrastructural  studies  have  revealed 
increased  permeation  of  the  blood-brain  barrier  by  protein  in 
Chinese  hamsters  after  exposure  to  2450-MHz  microwaves  (CW)  at 
10  mW/cm.2.  Reversibility  of  this  mi c rowave- i nduced 
permeability  in  mi crovasculature  of  Wistar  rats  and  Chinese 
hamsters  was  assessed.  The  animals  were  anesthetized  and  their 
heads  were  irradiated  in  the  near  field  with  2800-MHz  CW 
microwaves  at  10  mW/cm.2  for  two  hours.  Horseradish-peroxidase 
protein  was  injected  as  a  tracer  to  study  its  transport  across 
capillaries  in  all  regions  of  the  brain.  Gross-  and 
electron-microscopic  observations  indicated  that  the  relative 
impermeability  of  the  blood-brain  barrier  is  re-established 
within  two  hours  after  irradiation.  A  significant  but 
incomplete  increase  of  permeability  was  observed  one  hour  after 
exposure.  Preliminary  data  indicate  that  the  blood-ocular 
barrier  was  similarly  affected. 

OTHER  INFORMATION:  Of  the  52  animals  (34  Chinese  hamsters  and 
18  rats)  exposed  to  RFR,  30  were  euthanized  immediately,  11  at 
1  hour  after  exposure,  and  11  at  2  hours  after  exposure.  An 
additional  group  of  20  animals  (12  hamsters  and  8  rats)  was 
s ham- i r r ad i a t ed  .  Leakage  of  horseradish  peroxidase  (HRP), 
which  yields  a  dark-brown  reaction  product,  was  scored  by  two 
independent  individuals  on  a  5-point  scale.  Increased  BBB 
permeability  in  some  brain  regions  was  reported  for  17  of  the 
30  animals  euthanized  immediately  after  RFR  exposure  and  for  4 
of  the  20  s ha m~ i r r a d i a t e d  animals.  Fewer  areas  of  increased 
permeability  were  evident  for  animals  euthanized  1  hour  after 
RFR  exposure  than  for  those  euthanized  immediately,  and  except 
for  1  rat,  virtually  no  leakage  of  HRP  was  seen  for  the  animals 
euthanized  2  hours  after  RFR  exposure.  The  investigator  also 
reports  preliminary  results  with  hamsters  indicating  that  when 
HRP  was  injected  after  RFR  exposure,  some  reaction  product  was 
seen  in  the  e x t r a c a p i  1 1 a r y  spaces  of  the  iris.  Also,  the 
cytoplasm  of  endothelial  cells  of  the  iris  capillaries  was 
filled  with  pinocytotic  vesicles  containing  HRP. 

FINAL  CRITIQUE:  Perhaps  the  most  puzzling  aspect  of  this 


investigation  is  the  result  that  4  of  the  20  s ham- i r r adi a t ed 
animals  yielded  evidence  of  increased  BBB  permeability.  The 
investigator  does  not  elaborate  this  point  either  qualitatively 
or  statistically.  Such  a  result  can  be  interpreted  as 
indicating  that  other  factors  in  the  experimental  procedure 
could  alter  the  BBB.  The  apparently  anomalous  increased  BBB 
permeability  in  1  rat  euthanized  2  hours  after  RFR  exposure 
supports  this  surmise.  A  possible  factor  that  could  confound 
results  obtained  with  injected  HRP  is  the  existence  of 
endogenous  peroxidase.  Because  of  these  uncertainties,  it  is 


Frey,  A.  H  .  ,  S.  R  .  Feld,  and  Q.  Frey 

NEURAL  FUNCTION  AND  BEHAVIOR:  DEFINING  THE  RELATIONSHIP 

Ann.  N.Y.  Acad.  5 c  i  . ,  V  o I  .  2  4  7,  pp.  433-439  (1975) 

Study  type:  (6)  Behavioral,  (5)  Nervous  system  (blood-brain 

barrier);  IN-VIVO; RAT 

Effect  type:  RfH-avo' dance  response  in  shuttle  box; 

RFR-induced  blood -brain  barrier  permeability 
Frequency/wavelength:  1.2  GHz 

Modulation:  Pulsed  and  CW 

Power  Densities:  Pulsed:  ?.1  m  W  /  c  ri  .  2  Pk,  0.2  mW/cm.2  Av;  CW: 

2.4  mW/cm.2 

S  A  R :  Not  given 

Exposure  cond  :  t  on..:  p;,i  .  >(|  ;  b .  5  ms  pulsewidth,  1000  pps  (0.5 

duty  eyrie);  "a  <■  >:  a  ■■  t  ,  given  4  sessions  of  30  min  of  pulsed, 

CW,  or  sham  e  <  p  ;  s  j  r  ,  '  evi  jre  ,  ess  ion  per  day  on  4 

successive  days. 

AUTHOR  ABSTRACT:  0  .  "  •  >•  •  ;  -  1 1  s  ,  'his  1  a  b  o  r  a  t  o  r  y  has  studied 

r  ad  i  o-  f  re  ‘jueii  c  v  e  n  ■  *  f  c  i  s  ,  such  as  evoked  potentials 

in  the  br  i  ins  i  .  •  ,  •  •  on  «•  ;  -esponses  in  cats  and 

monkeys,  1  rog  *  a  ••  c  i  r  r  (i  / :  n  m  ■  <•  ,  and  hearing  phenomena  in  cats 

and  humans.  A  ’  e  w  ,  •• ..«  r  .  ?  ;  o  .  on  o  *  us  ( A  .  H  .  F  .  )  discussed  the 

possible  me  chan,  ,  wh  ..  t.  -  *  cv.n  d  affect  bi  ol  ogi  c  systems 

in  general  and  -  i-  -  *•  ••  v  .  :  ■iir,  in  particular.  The 

possibilities  •:  o:  >  :  •»■:  i  « va  i  ita  t  ed  included  r  f 

energy-induced  t •  i»s  membr  one  p-Teut i al  changes,  conformational 
changes  in  memo  .  oner  ‘  p-i  minced  forces  at  the  neural 
j  un  c  t  i  on  ,  mi  cro  therm  •-  •  ’  •■■  ■  t  s  ,  u>d  also  possible  r  f  effects  on 
tissue  thought  '  •  r  ,  .  -■  •  ■  ■■  >  r  e  v  characteristics  or 
piezoelectric  p-.  v  ••  .  .  T  .  .  ji;d  - state  characteristics  of 

the  nervous  sysin  •  •  )  a  ■  !•*  :  w  >  thin  the  context  of  possible 

r  f  energy -  induced  >  ,  an  i  *  e  s  e  possibilities  were 

evaluated.  Ot  he  ’  p  .  .  >  ■  b  ’  •  :  i  n  ■  » r  e  a  l  so  contemplated.  The 

evaluation  was  tom  i  '  1  t  '<<■•  ibser  vat  i  on  that,  "The 

questi  on  is  n  ot  •  .  r  ,r.  .  ,  possible  mechanism,  but 

rather  which  o  f  ti'pci  p mechanisms...."  In  the  work 

reported  here,  we  m  i  <j  e  a  ‘  i  <  s  t  any  rojc  h  to  answering  the 
question  and  began  t  •.} *»•.:••*  \  ne  relationship  between  neural 
function  and  behavior.  Wr  have  used  essentially  the  same  rf 
energy  parameters  ’n  experiments  that  involved  avoidance 
behavior  and  brain  "Issue  permeability  change  as  indexed  with  a 
fluorescent  dye.  We  found  an  association  between  changes  in 
behavior  and  in  brain  p  c  r  ir,  a  p  i  l  :  t  y  .  We  have  also  found  a 
difference  in  effectiveness  of  pulsed  and  continuous  energy  on 
behavior  and  brain  permeability.  We  wish  to  make  quite  clear 
that  we  have  not  established  a  causal  r  e l a  t i  on  s  h i p ,  only  an 
association. 

OTHER  INFORMATION:  rnr  ire  nr  ha v in  experiment,  half  of  the 

shuttle  b  o  was  s  h  1  >  i  •'  d  i  g  i  i  <\  r  >  R  F  P  ,  and  the  fraction  of  the 
time  each  r  a  *•  spent  ->  v  .  ii  •.  * 1  led  half  during  each  exposure 


session  was  recorded.  For  the  first  2  daily  sessions,  all 
three  groups  (pulsed-,  CW~,  and  s h am- e xp os ed )  spent 
approximately  60%  in  the  unshielded  half,  with  no  statistically 
significant  differences  among  the  groups.  However,  for  the 
other  2  daily  sessions,  the  pulsed  group  spent  only  30%  in  that 
half,  the  CW  group  64%,  and  the  sham  group  52%,  with  the 
differences  between  the  pulsed  and  the  other  two  groups  being 
statistically  significant;  the  difference  between  the  CW  and 
sham  groups  was  not  significant.  A  total  of  18  rats  was  used 
in  this  experiment.  Sodium  fluorescein  was  the  tracer  used  in 
the  brain  experiment.  Ninety  rats  were  divided  into  15  groups, 
which  were  used  for  the  three  exposure  conditions  (pulsed,  CW, 
sham)  in  5  head  positions  the  fluorescein  was  injected  after 
exposure  and  allowed  to  circulate  for  5  min,  after  which  the 
rat  was  exsanguinated  and  its  brain  was  removed,  embedded,  and 
sliced  into  28  sections.  The  sections  were  examined  under 
ultraviolet  and  fluorescence  was  scored  visually  on  a  scale  of 
0  to  3.  Significant  differences  were  reported  among  all  three 
exposure  conditions.  The  broadside  head  position  (relative  to 
the  PFR  source)  showed  virtual1)-  no  fluorescence  under  all 
three  exposure  conditions. 

FINAL  CRITIQUE:  The  data  presented  for  the  behavioral 
experiment  are  insufficient'  to  permit  analysis  of  the  validity 
of  the  conclusions.  Sp  e  c  i  1  •  c  a  l y  ,  it  is  unclear  why  the 
investigators  presented  only  the  combined  data  for  the  first 
two  day?  and  for  the  second  two  days  instead  of  the  data  for 
each  of  the  four  days.  Also,  because  all  three  groups  spent 
60%  of  the  session  time  in  the  unshielded  half  of  the  shuttle 
box  during  the  first  two  days  (which  might  be  interpreted  as 
indicating  some  preference  for  that  half  irrespective  of  the 
presence  or  absence  of  R  F  R  >  ,  is  difficult  to  draw  any 
inferences  regard  i  ng  the  30%  •rent:  there  by  the  pulsed  group 
during  the  second  two  d  a  s  .  •'■■■  resul.s  of  the  brain 

experiment  indicate  that  L  f  ,v  e  /r  os  .ire  induce?  the  uptake  of 
fluorescein  in  the  brain,  w '■  '!>  pulsed  RFR  being  more  effective 
than  CW.  Again,  however,  details  are  lacking  regarding  the 
statistical  treatment  of  the  d  a  *  a  and  the  rationale  therefor. 
The  implication  o+  the  -  ? sol's  is  that  fluorescein  leaked  from 
the  a  5  r  1 :  i r  system  o 1  the  •  •  r a i n  into  the  parenchyma 
(bl  ood-br-J'  n-barri  er  perm,---  ion)  but  no  morphological 
information  is  presented.  I'he  question  of  possible  artifact 
can  be  raised  because  the  p  “ e  en  c  e  of  fluorescein  was  detected 
in  some  sf  in-exposed  spe ..  i  men  -  .  A1  so,  endeavors  by  subsequent 
i  n  v  e  s '  '  t>'ors  to  repli  c-ii»  t  1  a  experiment  with  more  objective 
and  i-  4  ;  i e i  detection  methods  (Merritt  et  al.,  1978)  yielded 
n - q a  *  :  ye  results. 

P  F  F  L  P  f:  N  C  T  S  : 
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Merritt,  J.  H.,  A.  F.  Chamness,  and  S.  J.  Allen 
STUDIES  ON  BLOOD-BRAIN  BARRIER  PERMEABILITY  AFTER 
MICROWAVE-RADIATION 

0301-634X/73 '0015-0367,  Rad.  and  Environ.  Biophys.,  Vol.  15, 
pp.  367-377  (1978) 

Study  type:  (5)  Nervous  system  (blood-brain  barrier); 

IN-VIVO;  RAT 

Effect  type:  RFR-induced  blood-brain  barrier  permeability 
Frequency/wavelength:  1.2- 1.3  GHz 

Modulation:  Pulsed  and  CW 

Power  Densities:  2-75  mW/cm.2  Pk,  1-38  mW/cm.2  A v  for  1.2  GHz; 
200-3000  mW/cm.2  Pk,  0.3-20  mW/cm.2  Av,  and  0.1-20  mW/cm.2  CW 
at  1.3  GHz 
SAR :  not  gi ven 

Exposure  conditions:  30  min  for  pulsed  1.2  GHz;  35  min  for  CW 
1.3  GHz 

AUTHOR  ABSTRACT:  Since  the  reported  alterations  of 
permeability  of  the  blood-brain  barrier  by  microwave  radiation 
have  implications  for  safety  considerations  in  man,  studies 
were  conducted  to  replicate  some  of  the  initial  investigations. 
No  transfer  of  pa r en t e ra l l y- admi n i s t e r ed  fluorescein  across  the 
blood-brain  barrier  of  rats  after  30  min  of  1.2-GHz  radiation 
at  power  densities  from  2-75  mW/cm.2  was  noted.  Increased 
fluorescein  uptake  was  seen  only  when  the  rats  were  made 
hyperthermic  in  a  warm-air  environment.  Similarly,  no  increase 
of  brain  uptake  of  1 4-C-manni tol  using  the  Oldendorf  dual 
isotope  technique  was  seen  as  a  result  of  exposure  to  pulsed 
1.3-GHz  radiation  at  peak  power  densities  up  to  20  mW/cm.2  or 
in  i.he  continuous  wave  mode  from  0.1-50  mW/cm.2.  An  attempt  to 
alter  the  permeability  of  the  blood-brain  barrier  for  serotonin 
with  microwave  radiation  was  unsuccessful.  From  these  studies 
it  would  appear  that  the  brain  must  be  made  hyperthermic  for 
changes  in  permeability  for  the  barrier  induced  by  microwave 
radiation  to  occur. 

OTHER  INFORMATION:  Much  of  this  work  was  directed  toward 
replicating  the  studies  of  Frey  et  al.  (1975)  and  of  Oscar  and 
Hawkins  (1977).  To  validate  the  detection  methodology,  Merritt 
et  al.  used  hypertonic  urea,  known  to  alter  the  blood-brain 
barrier  (BBB),  as  an  alternative  agent  to  RFR.  In  their 
fluorescein  study,  examination  with  ultraviolet  of  brain  slices 
from  RFR-exposed  rats  showed  no  evidence  of  BBB  alteration 
whereas  fluorescein  penetration  was  evident  for  rats  perfused 
with  hypertonic  urea.  Similar  results  were  seen  in  examination 
with  white  light  of  slices  from  rats  treated  with  Evans  blue 
instead  of  fluorescein.  In  addition  to  examining  brain  slices, 
the  investigators  chemically  analyzed  various  brain  regions  for 
fluorescein  content.  The  results  for  rats  exposed  at  various 
power  densities  are  presented  in  tabular  form  in  the  paper. 

Also  included  in  the  table  are  fluorescein  analysis  for 
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sham- irradiated  rats  that  were  heated  for  30  min  in  a  A3  deg  C 
oven.  The  increase  of  fluorescein  uptake  under  hyperthermic 
conditions,  reported  in  the  abstract,  summarizes  the  results  in 
this  table.  In  the  14-C-mannitol  study  of  the  various  brain 
regions,  there  were  no  significant  differences  in  the  Brain 
Uptake  Index  (BUI)  between  RFR-and  sham-exposed  rats,  whereas 
BUI  changes  were  evident  for  rats  treated  with  urea  instead  of 
RFR.  Also,  the  results  (wit  it  1.3  GHz  CW  RFR)  showed  no 
evidence  for  the  existence  of  the  power  density  window  reported 
by  Oscar  and  Hawkins. 

FINAL  CRITIQUE:  The  use  of  urea  as  a  positive  control 
(alternative  agent  to  RFR)  offers  considerable  weight  to  the 
negative  findings  by  Merritt  et  al.  on  BBB  alteration  by  RFR, 
especially  ttie  results  of  their  chemical  analyses  of  brain 
regions  for  fluorescein  content,  and  of  their  radioactive-tracer 
work.  However,  there  remains  a  basic  uncertainty  in  this  and 
most  other  prior  research  on  possible  RFR-induced  BBB 
alterations  as  to  whether  significant  artifacts  are  introduced 
by  the  kinds  of  biological  techniques  used.  As  a  case  in 
point,  the  validity  of  the  Oldendorf  (1970)  technique  of 
injecting  the  dual-radiotracer  mixture  into  a  carotid  rapidly 
as  a  bolus  (used  by  Oscar  and  Hawkins  and  replicated  by  Merritt 
et  al.)  is  questionable.  Also,  the  effects  on  "he  overall 
findings  of  the  use  of  anesthesia  in  many  animal  experiments 
are  difficult  to  ascertain.  One  well  known  consequence  of 
anesthetizing  rats  is  the  induction  of  hypothermia  which  could 
yield  results  that  are  different  from  those  with  thermonormic 
animals.  (The  decrease  of  fluorescein  content  for  rats  exposed 
to  2  mW/cm.2  relative  to  the  sham -ex posed  group,  as  reported  by 
Merritt  e  t  a l . ,  is  perhaps  a  trivial  example.) 

REFERENCES:  Frey,  A.  H.,  S.  R.  Feld,  and  B.  Frey,  NEURAL 

FUNCTION  AND  BEHAVIOR:  DEFINING  THE  RELATIONSHIP; 

Ann.  N.Y.  Acad.  S  c i  . ,  Vol.  2  4  (  ,  pp.  433-439  (1975) 

Oldendorf,  W.  H.,  MEASUREMENT  OF  BRAIN  UPTAKE  OF  RADIOLABELED 
SUBSTANCES  USING  A  TRITIA1E0  WATER  INTERNAL  STANDARD,  Brain 
Res.,  Vol.  24,  pp.  372-3(6  (1970) 

Oscar,  K.  J.  and  T.  0.  Hawkins,  MICROWAVE  ALTERATION  OF  THE 
BLOOD-BRAIN  BARRIER  SYSTEM  OF  RATS,  Brain  Res.,  Vol.  126, 
pp.  281-293  (1977) 
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Oscar,  K.  J.  and  T.  0.  Hawkins 

MICROWAVE  ALTERATION  OF  THE  BLOOD-BRAIN  BARRIER  SYSTEM  OF  RATS 
Brain  Res.,  Vol.  126,  pp.  281-293  (1977) 

Study  type:  (5)  Nervous  system  (blood-brain  barrier); 

IN-VIVO;  RAT 

Effect  type:  RFR-induced  b l ood- b r a i n- ba r r i e r  permeability 
F r e que n c y / w a v e l eng t h :  1.3  GHz 

Modulation:  Pulsed  and  CW 

Power  Densities:  pulsed:  0.06-1.6  W/cm.2  Pk,  0.03-2  mW/cm.2 
Av;  CW:  0.3-3  mW/cm.2 
SAR:  not  given 

Exposure  conditions:  Single,  20-min  exposures;  pulse  widths 
ranging  from  0.5  to  20  microsec  at  1000  to  5  pps. 

AUTHOR  ABSTRACT:  Rats  were  exposed  to  1.3  GHz  microwave  energy 
to  assess  the  uptake  of  several  neutral  polar  substances  in 
certain  areas  of  the  brain.  A  quantitive,  radioactive  isotope 
method,  which  uses  an  internal  standard,  was  employed  to 
measure  the  loss  of  test  substances  to  brain  tissue.  Single, 

20  min  exposure,  to  either  pulsed  or  continuous  wave  (CW) 
microwave  energy  induced  an  increase  in  the  uptake  of 
D-mannitol  at  average  power  densities  of  less  than  3.0  mW/cm.2. 
The  permeability  change  was  greatest  in  the  medulla,  followed, 
in  decreasing  order,  by  the  cerebellum  and  hypothalamus,  with 
small  or  neg'igible  changes  in  the  hippocampus  and  cortex. 
Permeability  increases  were  observed  for  mannitol  and  inulin 
but  not  for  dextran.  Increased  permeability  was  observed  both 
immediately  and  A  h  after  exposure,  but  not  24  h  after 
exposure.  After  an  initial  rise,  the  permeability  of  cerebral 
vessels  to  saccharides  decreased  with  increasing  microwave 
power.  Differences  in  the  level  of  uptake  occurred  between  CW 
energy  and  pulsed  energy  of  the  same  average  power.  Microwaves 
of  the  same  average  power  but  different  pulse  characteristics 
also  produced  different  uptake  levels.  Our  findings  suggest 
that  microwaves  induce  a  temporary  change  in  the  permeability 
for  small  molecular  weight  saccharides  in  the  blood-brain 
barrier  system  of  rats. 

OTHER  INFORMATION:  The  basic  technique  used  to  detect  BBB 
alterations  is  the  dua l - radi oac t i ve  tracer  procedure  developed 
by  Oldendorf  (1970)  involving  po s t - i r r a d i a t i on  (or 
sham- irradiation)  injection  of  a  specified  mixture  of  a 
C-14-labeled  material  and  tritiated  water  into  a  carotid 
rapidly  as  a  bolus,  decapitation  of  the  animal  after  15  sec, 
removal  of  the  brain,  iissolving  each  brain  region  in  a 
solubilizer,  adding  liquid  scintillation  mixture,  and  using  a 
counter  to  determine  the  C-14  and  H-3  radioactivities.  For 
each  specimen,  the  Brain  Uptake  Index  (BUI),  defined  as  the 
quotient  (in  percent)  of  C-14/H-3  in  the  specimen  and  the 
C-14/H-3  in  the  injectate,  is  calculated.  The  BUI  represents 
the  relative  amount  of  test  substance  lost  to  the  brain  in  a 


single  passage  of  the  mixture  through  the  mi c  roci rcul at i on. 
These  investigators  reported  the  occurrence  of  an  inverted 
U-shaped  dependence  of  mannitol  uptake  by  the  medulla  on 
average  power  density  for  both  pulsed  and  CW  RFR.  The  maximum 
BUI  for  CW  was  about  9  percent,  at  a  power  density  of  about  1 
mW/cm.2,  whereas  for  0.5  microsec  pulses,  1000  pps,  the  maximum 
BUI  was  only  about  7.5  percent,  at  an  average  power  density  of 
about  0.4  mW/cm.2;  higher  and  lower  power  densities  in  each 
case  yielded  lower  BUI  values.  For  10  microsec  pulses,  5  pps, 
BUI  values  of  about  7  and  10  were  obtained  at  average  power 
densities  of  only  0.03  and  0.06  mW/cm.2,  respectively. 

FINAL  CRITIQUE:  The  validity  of  these  findings  of  RFR-induced 
BBB  alterations  is  questionable  on  several  grounds.  Of 
doubtful  validity  are  the  assumptions  underlying  the  Oldendorf 
methodology  that  tritiated  water  freely  diffuses  between  the 
brain  and  its  vascular  system  and  that  variations  of  cerebral 
blood  flow  (C8F)  do  not  significantly  affect  BUI  values.  In 
the  context  of  the  latter  point,  Oscar  et  al.  (1979)  have  found 
that  exposure  of  rats  to  1  and  15  mW/cm.2  average  power  density 
alters  the  CBF  rate.  Techniques  that  are  largely  independent 
of  CBF  rate,  such  as  those  subsequently  developed  by  Rapoport 
et  al.  (1979)  are  being  proposed  as  alternatives.  Perhaps  most 
important,  subsequent  investigators,  notably  Merritt  et 
al.  (1978),  were  unable  to  replicate  the  results  of  Oscar  and 
Hawki ns . 

REFERENCES:  030 1 -634 X / 78 / 001 5 *0367  ,  Merritt,  J.  H., 

A.  F.  Chamness,  and  S.  J.  Allen,  STUDIES  ON  BLOOD-BRAIN  BARRIER 
PERMEABILITY  AFTER  MICROWAVE  RADIATION,  Rad.  and 
Environ.  Biophys.,  Vol.  15,  pp .  367-377  (1978) 

Oldendorf,  W.  H  .  ,  MEASUREMENT  OF  BRAIN  UPTAKE  OF  RADIOLABELED 
SUBSTANCES  USING  A  TRITIATED  WATER  INTERNAL  STANDARD,  Brain 
Res.,  Vol.  24,  pp .  372-376  (1970) 

Oscar,  K.  J.,  S.  P.  Gruenau,  M.  T.  Folker,  and  S.  I.  Rapoport, 
LOCAL  CEREBRAL  BLOOD  FLOW  FOLLOWING  MICROWAVE  EXPOSURE, 
Presented  at  the  Bioelectromagnetics  Symposium,  U.  of 
Washington,  Seattle,  WA,  18-22  June  1979 
0048-6604/79/ 1 1 12-S051 ,  Rapoport  S.  I.,  K .  Ohno, 

W.  R.  Fredericks,  and  K.  D.  Pettigrew,  A  QUANTITIVE  METHOD  FOR 
MEASURING  ALTERED  CEREBROVASCULAR  PERMEABILITY,  Radio  Sci., 

Vol.  14,  No.  6S ,  pp.  345-348  (1979) 
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Index  (BUI)  of  C  —  1 4  labeled  mannitol  and  inulin  between 
RFR-exposed  and  control  rats  were  ascribed  to  RFR-induced 
alterations  of  the  blood-brain  barrier  without  recognition  that 
such  differences  in  BUI  could  be  due  to  RFR-induced  cerebral 
blood  flow  changes.  The  data  indicating  the  possible  existence 
of  a  p ow e r - d e n s  i  t y  window  are  too  few  to  permit  evaluation  of 
the  validity  of  this  finding.  Additional  work  covering  a 
broader  range  of  average  power  densities  as  well  as 
intermediate  values  would  be  necessary  to  confirm  the  existence 
and  limits  of  such  a  power- density  window  for  alterations  of 
cerebral  blood  flow  rates. 

REFERENCES:  Oscar,  K.  J.  and  T.  0.  Hawkins,  MICROWAVE 

ALTERATION  OF  THE  BLOOD-BRAIN  BARRIER  SYSTEM  OF  RATS,  Brain 
Res.,  Vol.  126,  pp .  281-293  (1977) 

Kety,  S.  S.,  METHODS  MED.  RES.,  Vol.  8,  pp  .  228  (  1  960  ) 
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P  e  t  t  i  y  r  e  w 

A  QUANTITATIVE  METHOD  FOR  MEASURING  ALTERED  CEREBROVASCULAR 
P  .  K  M  E  A  B  I  L  I  T  Y 

'343-6604/ 79/1 112-S051,  Radio  S  c  i  .  ,  Vol.  14,  No  6S, 
on.  345-348  (1979) 

•  t  j  1  y  type:  ( 5 )  Nervous  system  (blood-brain  barrier); 

IN-VIVO;  RAT 

; : feet  type:  ulood-brain  barrier  methodology 

r  requency/ wavelengt  h  :  None 
Modulation:  None 

‘■'ewer  Densities:  None 

5 A  R :  None 

Exposure  conditions:  Not  applicable 

AUTHOR  ABSTRACT:  Cerebrovascular  permeability  to  C-14-sucrose 

w  ■>  s  measured  independently  of  cerebral,  blood  flow  in  the  rat, 
'Allowing  unilateral  osmotic  opening  of  the  blood-bra  in  barrier 
t  •  hypertonic  arabinoso  solution.  An  increase  in  regional 
permeability  to  C-14-sucrose  was  correlated  with  the  extent  of 
p  .i  i  n  staining  by  intravascular  Evans  blue-albumin,  a  visual 
b  a  r  r  e  r  tracer.  To  obtain  t  fi  e  product  of  capillar  y 
r  '■■■■•ability  and  surface  area,  C-14-suc  rose  was  injected 
:  f‘t  r  .<  venous  l  y,  the  arterial  plasma  concentration  curve  was 
iried  and  integrated  over  a  1 0  —  m  i  n  period,  arid  brain 
.  j  ■•“•i  c  r;>  ma  l  concentration  was  calculated  after  subtracting 
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confounded  by  variation  &  of  cerebral  blood  flow  rate.  The 
authors  indicate  a  hundredfold  higher  sensitivity  in  measuring 
PA  for  C-14-sucrose  than  with  t  hi  e  Brain  Uptake  Index  Technique 
or  the  Indicator  Dilution  Technique. 

FINAL  CRITIQUE:  This  technique  represents  a  significant 
advance  over  the  other  radioactive-tracer  techniques  used 
previously  to  investigate  possible  RFR-induced  alterations  of 
the  BBB,  notably  those  based  on  dual-tracer  analyses  leading  to 
calculations  of  Brain  Uptake  Index  as  a  measure  of  BBB 
permeability.  However,  the  new  technique  involves  the  use  of 
anesthesia  and  injection  of  the  r a d i oa c t i ve l y  tagged  tracer  as 
a  bolus,  with  the  possibility  of  artifact  introduction  (as  with 
the  earlier  techniques).  It  should  also  be  noted  that  this 
paper  contains  results  obtained  only  by  the  use  of  arabi nose  as 
the  BBB-a l tera t i on  agent  ( i  .  e  .  ,  none  with  RFR). 
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Spac  knan,  D  .  H  .  ,  V  .  H  i  l  o  v  ,  A  .  W  .  ,  ,m  d  C.  .  -  K  .  Chou 

STUDIES  Of  RF  RADIATION  EFFECTS  OP  H I  0  0  D - B  R  A  1 N  BARRIER 
PERMEABILITY  USING  F  L  GO  IU  ' U  M'P  AMINO  ACIDS 
Presented  at  t  h o  0  pen  S  >  m p  -  i  i : r.  o n  u  o  l  o u  i  <.  a  I  Eti>-ct  s  o f 
Electromagnetic  Waves,  H.  ;  i  : n  t  and ,  1-8  August  1978 

Study  type:  ( 5  )  Nerv o •  j  s  S  y  •  :m  (  r>t  o ■;  '-brain  barrier); 

IN-VIVO;  MOUSE 

Effect  type:  RF  R  -  induced  b  1  >  ■ ;  h  •••  a  ■  ■ .  i:  .Tier  permeability 
Frequency/ wavei  e  n  t ,  t  n :  9  i  >  M H 

Modulation:  pulsed  and  em¬ 
power  Densities:  pul  .  nr  . '»  ■  d  s'  k>  W ,  :m  i-.  v  (.001  duty); 

C  W  :  1..2  aWn.is. 

SAR:  not  ■  J 

Exposure  cord  it  i  n  s  ■  •  g r  .  uc  o;  four  to 

circularly  p  o  l  a  -  >  .  eu  •  L  ;< .  Poised  RF  R  was  10 

mi  crosec,  100  pp:, . 

AUTHOR  ABSTRACT  :  P  ■  ■  s  ■  -  a  t  s ,  by  several 

investigators,  showed  •  ;  c .  v  rcaLuty  of  the 

bi  ood-bra  i  n  ha  r ;  ic  m  test  substances 
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retro-orbital  bleediny.  Plasma  and  brain  tissue  samples  were 
dep  r  o  t  e  i  n  i  z  ed  ,  homogenized,  and  clarified  by  high-speed 
centrifugation.  The  extracts  were  then  analyzed  for  both  FCN 
and  amino  acid  content,  using  a  spectrotluorometer  for  the 
former  and  an  amino  acid  analyzer  for  the  latter.  The  specifi 
concentration,  defined  as  the  ratio  of  brain  concentration  to 
plasma  concentration,  was  calculated  tor  each  test  constituent 
INITIAL  CRITIQUE:  The  sensitivity  of  the  analyses  for  FCN  and 

the  various  amino  acids  is  noteworthy,  and  the  finding  of  no 
RFR-induced  alteration  of  the  QBB  appears  valid.  However,  in 
this  brief  paper  the  authors  do  not  discuss  the  statistical 
treatment  of  the  data.  Presumably,  they  intend  to  publish  the 
paper,  in  which  case  it  will  be  reviewed  again. 
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Baw in,  S.  M  .  ,  L.  K  .  Kaczmarek,  and  W.  R.  A  d  e  y 

EFFECTS  0  1  MODULATED  VHP  FIELDS  ON  THE  CENTRAL  NERVOUS  SYSTEM 
Ann.  N.  Y.  Acad,  Sci.,  VoL.  2  4  7  ,  pp.  74-81  (1975) 

Study  type:  (  5  )  Nervous  system  (calcium  efflux),  (11) 

Mechanisms  of  interaction;  IN-VITRO;  CHICK 

Effect  type:  Alterations  of  calcium  binding  to  cell  membranes 

in  the  neonate  c hick  brain  by  modulated  RFR 
Frequency/wavelength:  147  MHz 

Modulation:  Discrete  frequencies  between  0  and  35  Hz  at  80-90X 

model  at i on 

Power  Densities:  1-7  m  W  /  c  tti  .  ?  Av 

SAR:  Not  determined 

Exposure  conditions:  After  incubating  in  solution  containing 

Ca-4'3  and  washing  in  non  radioactive  solution,  half  brains  were 
immersed  in  physiological  solution  while  being  exposed  for  20 
min  to  RFR.  The  corresponding  half-brain  of  each  chick  served 
as  control. 

REVIEWER  SUMMARY:  Five  hundred  neonatal  chicks  were  used. 

After  decapitation,  the  brains  were  dissected  out  and  each 
hemisphere  was  incubated  in  1  ml  of  physiologic  medium  together 
w i r  h  0.2  ml  o i  saline  containing  0.2  microcurie  of  Ca-45  ions. 
After  incubation,  the  samples  were  washed  3  times  with 
non  rad i cacti w  solution,  and  were  'mmersed  in  1  ml  of 
physiologic  men i um  ana  exposed  or  not  exposed  to  RFR  for  20 
min.  A  !.  ;  q o  t  of  0.2  ml  were  then  assayed  for  radioactivity  by 
!  i n u i c  s  c ; or i :  ■ at i an  - ount i ng .  The  radioactivities  (counts  per 
minute)  ni  ■.  l  i  sample;  were  normalized  to  the  mean  values  for 
;  i  ■  r  t • o l  samples.  Unmodulated  1 4  7 - M  H  z  RFR  and  fields  modulated 
at  0.5,  3 ,  6 ,  9 ,  and  is  Hz  showed  a  progressive  increase  in  the 
normalized  counts  ( c  a l  i u  m  efflux);  of  these  results,  those 
*’  r>  r  0,  0.5,  and  3  Hz  were  not  statistically  significant;  those 
‘or  6  and  9  Hz  wc*r  •  significant  at  the  5%  level,  and  those  for 
11  and  16  H ::  were  significant  at  the  1%  level,  with  the  highest 

’■>  f  f  l  u  x  at  16  Hz.  RFR  modulated  at  20,  25  ,  and  35  Hz  yielded 

progressive  ci  i  m  -  n  u  ‘  i  o  n  of  efflux  from  the  value  at  16  Hz,  with 
the  result  ' r '  20  Hz  being  significant  at  the  5 %  level  and 

•  h  o  '•  e  for  2 and  35  Hz  being  insignificant.  The  effect  of  RFR 
'm  ,i  'I  u !  a  t  p  d  at  0.5  and  16  Hz  on  brains  poisoned  with  cyanide 

aft  *  r  incubation  were  also  studied.  The  results  of  these  two 
modu ;  a f  : on  ’ rnauenc  i  es  were  the  same  as  those  for  samples  not 
u  i  \  en  tin  :.yan;de  treatment.  Calcium  efflux  from  skeletal 
mu  scular  tissue  of  chinks  was  studied  by  the  same  methodology 
f  nr  4  .jiiij  1  ft  (i,-  mndul  a  t  i  on .  The  results  exhibited  much  greater 

v a  r ’  i h  i  ;  i  t  y  ?  1 1  : r  i  those  for  brain  tissue,  but  there  were  no 

star  is”'  - '  ■  siqtn  f i -ant  differences  between  exposed  and 

ijne  non:  ,  J  :,i  p  !  OS. 

OTHER  :  u;  OR  MAT  ION :  T  • .  ■  paper  is  one  of  the  first  on  this 
• .  n-h  ;  ■:  ■  •  t:  y  \  h  e  s  e  invest  i  gators.  Later  papers  review  the 

•  *  i  ■  ■  ’his  s !  1 1  c1  y  and  present  results  for  unmodulated  RFR 


in  the  sub-extremely-low-f requeue >  liui)-ti.  I  >  '  t  o  r  4  5  0 

MHz  modulated  at  16  Hz  (  e  .  g  .  ,  8  a  w  >  n  and  A  je/,  an'.  1977;  . 

Blackman  e t  a  l  .  (1  979)  report  e  xqer  i  »:•  —  r  t  i  .  t  some 

of  the  results  for  147  MHz  modulated  a  i  !  ;  e  q : :  .  ,.ri  m-cii  3 

and  30  Hz.  Sheppard  et  al.  (  1  979)  discuss  i  •  .0  mh  z 

results  and  present  a  model  for  the  s  :  l ec  t  . 

FINAL  CRITIQUE:  The  results  of  this  n  v  e  $  t  1  g  a  on  s  t  i  t  u  t  e 

evidence  for  the  existence  of  a  quite  suotu:  ■  •  •  .  t-  e  ’  .  The 

absence  of  the  effect  for  unmodulated  RPR  a  no  •»  •  i  o  u  :  a  :  ion 

frequencies  outside  the  range  r  e  i  >  t  t  e  is  an  .  s  ■  i  .  n  a  ' 

heating  of  the  preparati on  by  the  R F  R  : s  uni.  o  be 

involved.  Rather,  some  nonlinear  <r,  e ha..  ,  m  .  •,  t  •'  r  he 

preparation  that  is  capable  of  re.  u  ,•  rin.  a  •  r,  .  j  ,  ng  to 

one  p  o  l  a  r  i  t  y  of  the  m  o  d  u  l  a  t  i  o  n  an  •<  a  :  ope  .  s . .  .  ~  s  . .  ,  s  m 

would  also  have  to  have  a  time  constant  comp  a  ■  that  for 

16  Hz,  at  which  the  effect  is  near  maximum,.  .■  j  ‘  r  .  <  ■> 

speculate  that  such  slow  undulations  o  t  1  •  i  .  ,  a  r 

electric  field  could  affect  the  cwiriir.g  .  t  u  the 

neuronal  membrane,  and  that  a  sna:  ■.  d  :  s  p  '  a  c  c*  calcium 

ions  would  result  in  cooperative  ;  .  ■  r  e  r  a  ■  ;  i  o  <■  ■■  n  modified 

adjacent  binding  sites,  thus  producing  propa^-  arid 

amplification  of  1  o c a  l  electrical  events.  i  •  trait  to 

a  s  c  e  r  t  a  i  n  the  significance  of  t  ri  i  s  ■  n  -  v  i  :  o  i  u  „  r.  >  c  x 

brains  with  regard  to  possible  in-vi vo  e  t i e  c •  humans  . 

REFERENCES:  flaw  i  n  ,  S  .  M  .  and  W  .  ;l  .  Adet  ,  1 1  s  .  i  <  u  f 

CALCIUM  BINDING  IN  CEREBRAL  TISSUE  TO  v»  u  u  WL 

ELECTRIC  FIELDS  OSCILLATING  AT  LOW  F  L  b  a  ,1  i.  •.  i  i  , 

Proc.  Nat.  Acad.  Su  .,  Vo  l.  73,  N  o .  6,  (>..•  .  '■■■■•  •  1976) 

Bawin,  S.  M.  and  w  .  R  .  Adey,  CALCIUM  Bin.  I  h,.  Al. 

TISSUE,  in  D.  G.  Hazzard  (ed.)  ,  $  rNPOS  li.  •••  ON  c  A  L  EFFECTS 

AND  MEASUREMENT  OF  RADIO  FREQUENCY /Ml  (.  X  U  w  a  v  f  c  .  of 

Health,  Education,  and  Welfare,  4  a  c  r.  i  m.  c  an  ,  it-.  W 

Publications  (FDA)  77-8026  (197V- 
0048-6604/79  /  1112— SOI  4  ,  Blackman,  C.  i  .  ,  J  .  >•  . 

C  .  M  .  Weil,  S  .  6  .  Benane  ,  D  .  C  .  P  .  .  u  i  n  ■  t  ,  >  H.  use, 

INDUCTION  OF  CALCIUM-ION  tFFLUX  i  kOr  HR «  :  r,  * 

RADIO-FREQUENCY  RADIATION:  h  F  F  t  C  I  O'  Ml.  !'li;  -  I  - 1  N  (  Y  AND 

FIELD  STRENGTH,  Radio  Sci.,  Vol.  14,  No.  c.  S .  U8  (1979) 

0048-6604/79/  1  1  1  2-S021  ,  Sheppard,  A.  U  .  ,  .  r  a  no 

W.  R.  Adey,  MODELS  OF  LONG-RANGE  ORDER  1  <U 

MACROMOLECULES:  EFFECTS  OF  SUB-El.r  AND  tl  M0i  .'tl;  VHF  AND 

UHF  FIELDS,  Radio  Sci.,  Vol.  14,  No.  6S,  pp.  :  .  -  5  -  iv/9) 
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Blackman,  C  .  F.,  J.  A  .  Elder,  C.  M  .  Weil,  S.  6.  Benane, 

0.  C.  Eichinger,  and  D.  E.  House 

INDUCTION  OF  CALCIUM-ION  EFFLUX  FROM  BRAIN  TISSUE  BY 
RADIO-FREQUENCY  RA0IAT10N:  EFFECTS  OF  MODULATION  FREQUENCY  AND 

FIELD  STRENGTH 

00 A 8- 660 4 / 79 / 1 1 1 2 - S 0 1 4  ,  Radio  Sci.,  Vol.  14,  No.  6S,  pp.  93-98 
(1979) 

Study  type:  (5)  Nervous  system  (calcium  efflux);  IN-VITRO; 

CHICK 

Effect  type:  Alterations  of  calcium  Dinding  to  cell  membranes 
in  chick  brains 

Frequency/wavelengtti;  147  MHz 

Modulation:  CW  and  3-30  Hz  (at  less  than  95%) 

Power  Densities:  0-2.0  mW/cm.2 
SAR:  Less  than  0.075  mW/g 

Exposure  conditions:  After  each  half-brain  was  weighed,  it  was 

incubated  in  physiological  medium  containing  Ca-45,  washed  in 
nonradioactive  medium,  and  exposed  for  20  min  in  a  Crawford 
cell  while  immersed  in  physiological  medium 

AUTHOR  ABSTRACT:  Saw  in  and  her  coworkers  have  reported  changes 

in  binding  of  calcium  after  exposure  of  avian  brain  tissue  to 
nonionizing  electromagnetic  radiation.  Because  calcium  is 
intimately  involved  in  the  electrical  activity  of  the  brain, 
their  results  reveal  a  heretofore  unrecognized  potential  for 
nonionirng  radio-frequency  radiation  to  affect  biological 
function.  We  have  verified  and  extended  their  findings.  The 
foreorains  of  newly  hatched  chickens,  separated  at  the  midline 
to  provide  treatment-control  pairs,  wer<‘  labeled  in-vitro  with 
a  d  i  c  a  c  rive  calcium.  Samples  of  tissue  were  exposed  for  20 
minutes  in  a  Crawford  irradiation  chamber  to  147-MHz  radiation, 
which  was  amplitude  modulated  sinusoidally  at  selected 
Frequencies  between  3  and  30  Hz.  Power  densities  of  incident 
Mdiation  ranged  between  0.5  and  2  mW/cm.2.  Compared  with 
non  irradiated  samples,  a  statistically  significant  increase  in 
afflux  of  calcium  ions  (P  less  than  0.01)  was  observed  in 
irradiated  samples  at  a  modulation  frequency  of  16  Hz  and  at  a 
power  density  of  0.75  mW/cm.2.  Our  data  confirm  the  existence 
of  the  frequency  "window"  reported  by  Bawin  et  al.,  as  well  as 
a  fid  r  row  power -density  "window"  within  which  efflux  of  calcium 
ions  is  enhanced. 

OTHER  INFORMATION:  This  research  was  directed  toward 

reproducing  the  calcium-efflux  phenomenon  in  chick  brains 
reported  by  Bawin  et  at.  (1975)  for  147  MHz  RFR  modulated  at 
sub-ELF  frequencies.  After  decapitation  of  each  chick,  its 
forebn  •  war  removed  and  divided  at  the  midline,  and  each  half 
was  wee  ted.  Each  specimen  was  then  immersed  in  1  ml  of 
physiological  medium  labeled  with  Ca-45  and  agitated  for  30  min 
at  37  deg  C.  The  radioactive  medium  was  aspirated  and  each 
half  h’-ain  was  rinsed  successively  in  two  250-ml  volumes  of 


nonraai oact 1 ve  medium  and  bathed  in  1  ml  of  medium  during 
exposure  or  sham  exposure.  Half  brains  were  exposed  for  20  min 
each  in  two  series,  with  the  corresponding  halves  serving  as 
controls.  In  one  series,  the  modulation  frequency  was  16  Hz 
and  the  power  density  was  0,  0.5,  0.75,  1.0,  1.5,  or  2.0 
mW/cm.2;  in  the  other,  the  power  density  was  0.75  mW/cm.2  and 
the  modulation  frequency  was  0,  3,  9,  16,  or  30  Hz.  Following 
exposure  or  sham  exposure,  0.2-ml  aliquots  of  bathing  medium 
were  assayed  or  radioactivity  by  liquid  scintillation 
counting.  The  counts  per  min  (CPM)  value  for  each  specimen  was 
divided  by  the  weight  of  the  specimen  and  the  difference  in 
value  for  an  exposed  half  brain  and  its  corresponding  control 
half  was  treated  as  the  variable  for  statistical  analysis.  The 
results  for  constant  power  density  (0.75  mW/cm.2)  showed  that 
the  mean  difference  at  16  Hz  is  significantly  higher  (P  less 
than  5  X )  than  the  mean  at  30  Hz  and  the  mean  for  the 
sham-exposed  specimens.  Increases  were  noted  for  the  groups 
exposed  to  unmodulated,  3-Hz,  and  9-Hz  modulated  RFR,  but  these 
increases  were  not  statistically  significant.  The  results  for 
varied  power  density  with  16-Hz  modulation  showed  that  the  mean 
difference  for  0.75  mW/cm.2  was  significantly  higher  (P  less 
than  IX)  than  the  means  for  sham  exposure  and  the  other  four 
power  densities.  Also,  the  means  for  the  latter  differed 
little  from  the  mean  for  sham  exposure.  The  authors  state 
that:  "These  results  indicate  a  maximal  power-density  effect 

at  0.75  mW/cm.2  and  no  enhancement  at  levels  plus  or  minus  0.25 
mW/cm.2  of  this  value.  The  narrow  width  of  this  window  was  not 
observed  in  the  preliminary  study  in  which  intermediate  values 
for  enhanced  efflux  were  found  at  0.5  and  1.0  mW/cm.2." 

FINAL  CRITIQUE:  The  results  of  this  research  represent 
experimental  confirmation  for  the  existence  of  the  calcium 
efflux  phenomenon  in  excised  chick  brains,  at  least  for 
modulated  14  7  MHz  RFR.  The  power  density  window  described  in 
this  paper  appears  to  be  narrower  than  the  windows  found  by 
Bawin  and  coworkers  for  modulated  450  MHz  RFR  (Sheppard  et  al., 
1979)  and  sinusoidal  sub-ELF  fields  (Bawin  et  al.,  1979).  It 
is  difficult  to  ascertain  the  significance  of  this  in-vitro 
phenomenon  with  regard  to  possible  in-vivo  effects  in  humans. 
REFERENCES:  Bawin,  S.  M.,  L.  K.  Kaczmarek,  and  W.  R.  Adey, 

EFFECTS  OF  MODULATED  VHF  FIELDS  ON  THE  CENTRAL  NERVOUS  SYSTEM, 
Ann.  N.  Y.  Acad.  Sci.,  Vol.  247,  pp.  74-81  (1975) 

Bawin,  S.  M.  and  W.  R.  Adey,  SENSITIVITY  OF  CALCIUM  BINDING  IN 
CEREBRAL  TISSUE  TO  WEAK  ENVIRONMENTAL  FIELDS  OSCILLATING  AT  LOW 
FREQUENCY,  Proc.  Nat.  Acad.  Sci.,  Vol.  73,  No.  6,  pp.  1999-2003 
(1976) 

0048-6604 / 79 /  1  1  1  2- S 02 1  ,  Sheppard,  A.  R.,  S.  M.  Bawin,  and 
W.  R.  Adey,  MODELS  OF  LONG-RANGE  ORDER  IN  CEREBRAL 
MACROMOLECULES:  EFFECTS  OF  SUB-ELF  AND  OF  MODULATED  VHF  AND 

UHF  FIELDS,  Radio  Sci.,  Vol.  14,  No.  6S ,  pp .  141-145  (1979) 
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Sheppard,  A.  R.,  S.  M.  Baw in,  and  W.  R.  Adey 

MODELS  OF  LONG-RANGE  ORDER  IN  CEREBRAL  MACROMOLECULES:  EFFECTS 
OF  SUB-ELF  AND  OF  MODULATED  VHF  AND  UHF  FIELDS 
0048-6604/  79/  1  1  1  2-S021  ,  Radio  Sci.,  Vol.  14,  No.  6S, 
pp.  141-145  1979) 

Study  type:  (5)  Nervous  system  (calcium  efflux),  (11) 

Mechanisms  of  interaction;  IN-VITRO;  CHICK 

Effect  type:  Alterations  of  calcium  binding  to  cell  membranes 
in  chick  brains 

Frequency/wavelength:  450  MHz 

Modulation:  90%  at  16  Hz 

Power  Densities:  0.5  to  5  mW/cm.2 
SAR:  Unknown 

Exposure  conditions:  After  incubation  in  physiological 
solution  containing  Ca-45  and  washing  in  no n r a d i o a c t i v e 
solution,  brain  halves  were  immersed  in  fresh  physiological 
solution  while  being  exposed  for  20  min. 

AUTHOR  ABSTRACT:  Weak  RF  fields  (450  MHz)  that  were 
sinusoidally  modulated  at  16  Hz  increased  the  efflux  of  calcium 
ion  from  freshly  isolated  chick  brain.  The  data  demonstrate 
upper  and  lower  bounds  for  power  levels  of  incident  fields  at 
v  hi ch  the  change  of  efflux  is  observed.  These  bounds,  greater 
than  0.05  mW/cm.2  and  less  than  2.0  mW/cm.2,  constitute  an 
amplitude  window  for  the  c a l c i um- e f f l u x  effect,  which  is  also 
charac  teri 2ed  by  a  frequency  window  demonstrated  in  previous 
experiments.  The  mechanisms  by  which  weak  low-frequency  fields 
--  or  weak  high-frequency  fields  modulated  at  sub-ELF  rates 
interact  with  biological  tissue  derive  from  the  properties  of 
the  biological  components  of  neuronal  membrane  and  from  the 
unique  dielectric  properties  of  biological  tissues  in  fields 
that  oscillate  at  brain-wave  frequencies. 

OTHER  INFORMATION:  A  total  of  190  chick  brains  was  used  in 
this  study.  After  the  cerebrum  of  each  chick  was  removed, 
separated  into  hemispheres,  and  weighed,  the  specimens  were 
incubated  at  36  deg  C  for  30  min  in  a  physiological  solution 
containing  Ca-45  and  rinsed  3  times  in  non r ad i oa c t i ve  solution. 
Groups  of  5  half  brains,  each  in  1  ml  of  physiological 
solution,  were  exposed  for  20  min.  After  exposure,  0.2-ml 
aliquots  of  the  solution  were  assayed  for  radioactivity  by 
liquid  scintillation  counting.  In  addition,  the  half  brains 
wore  dissolved  overnight  and  assayed  for  radioactivity.  The 
corresponding  half  brains  of  each  group  served  as  controls; 
they  were  not  exposed  but  were  otherwise  similarly  treated 
together  with  the  exposed  specimens.  The  authors  indicate  that 
it  was  not  necessary  to  discard  any  data  points  (as  was  done 
with  ex'reme  values  in  their  previous  studies;  see  Bawin  and 
Adey,  1v76).  Modulation  of  only  16  Hz  was  used,  this  being  the 
frequency  for  maximum  effect  in  prior  studies  with  147  MHz 
(Bawin  et  a l . ,  1975).  Incident  average  power  densities  of 
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0.05,  0.10,  1.0,  4.0,  a ri.1  5.0  nw .  n  .  .  *  •  •  r  »•  •:  ,  and  the  mean 

radioactivity  values  for  cacti  e  xposn  i  e  r  jup  were  m,r»at  i  zed  to 
the  mean  values  for  the  c  o  r  r  e  s  r>  1 i 0  i  n  g  .  ;;trol  groups.  The 
assays  of  the  bathing  solutions  1  ,  ■  d  :  ■; 1  e  •»  s  tat  :  st  ical  t  / 
siqnificant  (at  1  ess  t  hsn  r  1  e  c.  %  eve'  1  '■  r; r  e  a  s  e  in  calcium 
efflux  for  0.10  and  1.0  mW/c.n.l  and  no  t  •  +  o  r  2.0  or  5.0 

mW/cm.2.  There  was  a  decrease  for  0.05  in  W  /  c  m .  2  but  the  change 
was  not  statistically  significant.  The  assays  of  the  dissolved 
brain  specimens  indicated  that  the  greater  proportion  of  C  a  -  4  5 
remains  in  the  tissue  and  that  '•here  we- no  statistically 
significant  differences  n  these  assays  oe tween  exposed  and 
control  groups.  The  authors  propose  a  mode!  f or  the 
interaction  of  weak  electric  fields  w ’ t  n  neuronal  membranes, 
which  describes  amplification  of  weak  signals  by  the 
cooperative  behavior  of  glycoprotein-bound  ions  under  the 
influence  of  a  field  enhanced  by  she  polarization  of 

surrounding  unbound  ions.  They  suggest  that  the  presumed  ; 

field-trigge-ed  cooperative  be  ha v i  >  r  of  the  bound  ions  could  * 

change  the  calcium  binding  and  4  i  v  e  rise  to  the  effects  found.  : 

A  recent  review  of  the  work  at  modulated  1 A  7  MHz  and  450  MHz 

RFRandat  sub-ElF  fields  is  given  o  y  A  d  e  y  (1980).  ' 

FINAL  CRITIQUE:  The  occurrence  of  a  fi eld- induced  calcium 

efflux,  confirmation  of  which  was  reported  by  8 c a c km  an  et  1 

a l .  (1979)  for  modulated  147  MHz  Rf R,  requires  that  some 

nonlinear  mechanism  exist  in  the  preparations  that  is  capable  . 

of  recovering  and/or  responding  to  one  oolarity  of  the  . 

modulation  envelope.  Such  a  mechanism  would  also  have  to  have 
a  time  constant  corresponding  approximately  to  that  for  16  Hz. 

The  paper  speculates  about  such  mechanisms,  and  states  that: 

"Adey  has  suggested  that  the  sub-ELF  envelope  impressed  on  the 
RF  carrier  is  detected  at  the  polyanionic  surface  due  to  a 
strong  asymmetry  in  charge  distribution  with  respect  to  that 

surface.  The  charge  asymmetry  at  t  fie  borders  of  . 

glycoprotein-dense  regions  may  allow  demodulation  much  as  in  I 

the  case  of  a  semiconductor  diode  but  fu-t  her  details  of  the  ! 

mechanism  and  its  coupling  t  o  the  cooperative  system  have  not  I 

been  developed."  Among  the  observation;  not  yet  accounted  for 

are  why  increased  calcium  efflux  occurs  for  modulated  147  and 

450  MHz  RFR  and  decreased  efflux  for  sinusoidal  sub-ELF  fields, 

and  why  the  phenomenon  only  occurs  within  an  amplitude  or  J 

power-density  window.  In  addition,  it  is  difficult  to 

ascertain  the  significance  of  this  in-vitro  effect  in  chick  i 

(and  cat)  brains  with  regard  to  possible  in-vivo  effects  in  j 

humans.  t 
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(5)  NERVOUS  SYSTEM  (EE6  and  EP) 
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Frequency/wavelength:  2.4  5  G  Hr 
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Power  densities 
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The  third  group 

was 

sham  exposed.  E  a  c  r.  r  i 

bb  i  t 

was 

p 

laced 

i  n  a 

plexiglass  cage  and  exposed  in  a  miniature  plane-wave  exposure 
chamber.  An  S - b a r  d  horn  was  mounted  1  m  above  the  animal. 
Thermographic  data  showed  a  peak  SAR  of  1.64  W/kc  in  the  head 
and  2.1  W/kg  in  the  back.  Body  weights  were  measured  every 
other  day.  EEC  and  evoked  .potentials  were  recorded  weekly  via 
implanted  carl,  on-loaded  1  e<  l  on  electrodes.  Blood  samples  were 
taken  monthly  for  hematological,  chemical,  and  morphological 
studies.  Eyes  w  c  r  t  examined  tor  cataract  for' nation.  At  the 
end  of  this  study,  apomorphine  was  injected  into  the  animals  to 
study  the  differences  in  induced  behavioral  excitation  and 
hyperthermia.  Finally,  pathological  examinations  on  many 
tissues  and  organs  were  performed.  Statistically,  there  were 
no  significant  differences  in  measured  parameters  observed 
between  the  exposed  and  sham  animals.  The  large  variations  in 
EE6  and  evoked  potentials  made  the  comparison  difficult. 
Preliminary  results  on  drug-induced  behavior al  study  showed 
some  indication  of  differences  in  exposed  animals. 

OTHER  INFORMATION:  LEG  varied  widely  from  animal  to  animal  and 
for  the  same  animat  at  different  times.  The  histopathology 
studies  were  done  only  on  animals  that  survived  the 
drug-injection  studies. 

INITIAL  CRITIQUE:  There  were  no  statistically  significant 
differences  among  the  CW,  pulsed,  and  sham-exposed  groups  in 
body-weight  gain  per  day,  EEG,  visually  and  auditory  evoked 
potentials,  blood  chemistry,  or  histopathology.  Also,  no 
cataracts  developed  in  any  animal.  However,  Shandala  et 
al.  (1976)  had  reported  that  r  he  FFG  frequency  was  stable  in 
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control  animals,  whereas  Chou  et  a l .  found  variability  for 
sham -exposed  as  well  as  RFR-exposed  animals.  Also,  the 
variability  of  the  visually  evoked  potentials  found  by  Chou  et 
a  i  .  was  contrary  to  the  findings  of  Baranski  and  Edelwejn 
; 1 9 7 A ) .  This  initial  study  of  the  synergistic  effects  of  RFR 
in.!  ipomorphine-iriduced  hyperthermia  and  related  hyperactivity 
w j  not  as  successful  as  hoped  because  the  animals  used  were 
found  to  be  far  more  sensitive  to  the  doses  of  apomorphi  ne  than 
reported  in  the  literature,  and  a  number  of  the  animals  died 
shortly  after  injection.  The  findings  of  Chou  et  a l  .  indicate 
that  the  RFR-exposed  animats  are  more  sensitive  to  apomorphi ne 
than  the  sham-exposed  animals,  with  higher  sensitivity  to  those 
e  .<  p  u  s  e  d  to  pulsed  RFR  than  to  CW.  However,  because  of  the 
small  numbers  of  animals  in  this  part  of  the  study,  the 
validity  of  this  finding  is  difficult  to  assess.  A  Larger 
study  is  necessary. 

REFERENCES:  Baranski,  S.  and  Z.  Edelwejn,  PHARMACOLOGIC 

ANALYSIS  OF  MICROWAVE  EFFECTS  ON  THE  CENTRAL  NERVOUS  SYSTEM  IN 
EXPERIMENTAL  ANIMALS,  in  P.  Czerski  et  al.  (eds.),  BIOLOGIC 
EFFECTS  ON  -HE  CENTRAL  NERVOUS  SYSTEM  IN  EXPERIMENTAL  ANIMALS, 
Polish  Medical  Publishers,  Warsaw,  pp.  120-127  (1970 
Shandala,  M.  G.  et  al.,  STUDY  OF  THE  EFFECTS  OF  NON-IONIZING 
MICROWAVE  RADIATION  ON  THE  CENTRAL  NERVOUS  SYSTEM  AND 
BEHAVIORAL  RESPONSES,  First  Report  on  Topic  4.1  of  the  US/USSR 
Cooperative  Program,  D.  McRee  (Coordinator),  NIEHS,  Research 
T  r  :  3  n  g l  e  P jri  ,  NC  (19  76  ) 
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List  of  Analyses 


Chou,  C.-K.,  A.  W.  Guy,  J.  B.  McDougall,  and  L  .  -  F  .  Han 
EFFECTS  OF  CONTINUOUS  AND  PULSED  CHRONIC  MICROWAVE  EXPOSURE  ON 
RABBITS 

In  ABSTRACTS  OF  OPEN  SYMPOSIUM  ON  THE  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  Helsinki,  Finland  (1978)  (See  "Nervous 
System  (EEG  and  E  P ) "  for  analysis.) 


Frey,  A.  H.,  S.  R.  Feld,  and  B.  Frey 

NEURAL  FUNCTION  AND  BEHAVIOR:  DEFINING  THE  RELATIONSHIP 

Ann.  N.Y.  Acad.  Sci.,  Vol.  247,  pp.  433-439  (1975)  (See  "Nervous 

System  (Blood-Brain  Barrier)"  for  analysis.) 


Kalyada,  T.  V.,  P.  P.  Fukalova,  and  N.  N.  Goncharova 
BIOLOGIC  EFFECTS  OF  RADIATION  IN  THE  30-300  MHz  RANGE 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  OF  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  52-57  (1974)  (See  "Epidemiologic"  for  analysis.) 

K l i m ko v a - De u t s c ho v a  ,  E. 

NEUROLOGIC  FINDINGS  IN  PERSONS  EXPOSED  TO  MICROWAVES 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  268-272  (1974)  (See  "Epidemiologic"  for  analysis.) 

Pazderova,  J. 

WORKERS'  STATE  OF  HEALTH  UNDER  LONG-TERM  EXPOSURE  TO 
ELECTROMAGNETIC  RADIATION  IN  THE  VHF  BAND  (30-300  MHz) 

Pracovni  Lekarslvi  (in  Czech),  Vol.  23,  No.  8,  pp.  265-271 
(1971).  Englis  translation:  JPRS  No.  UDC 
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In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
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Hopkins  University,  Baltimore,  MD  (1978)  (See  "Epidemiologic" 
for  analysis.) 
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(9)  BIOCHEMICAL/PHYSIOLOGICAL 


List  of  Analyses 


Chou,  C.-K.,  A.  W.  Guy,  J.  B.  McDougall,  and  L.-F.  Han 

EFFECTS  OF  CONTINUOUS  AND  PULSED  CHRONIC  MICROWAVE  EXPOSURE  ON 

RABBITS 

In  ABSTRACTS  OF  OPEN  SYMPOSIUM  ON  THE  BIOLOGICAL  EFFECTS  OF 
ELECTROMAGNETIC  WAVES,  Helsinki,  Finland  (1978)  (See  "Nervous 
System  (EEG  and  EP)"  for  analysis.) 

Kalyada,  T.  V.,  P.  P.  Fukalova,  and  N.  N.  Goncharova 
BIOLOGIC  EFFECTS  OF  RADIATION  IN  THE  30-300  MHz  RANGE 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  52-57  (1974)  (See  "Epidemiologic"  for  analysis.) 

K l i m k o v a - D e u t s c h o v a ,  E. 

NEUROLOGIC  FINDINGS  IN  PERSONS  EXPOSED  TO  MICROWAVES 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  268-272  (1974)  (See  "Epidemiologic"  for  analysis.) 

Li lienfeld,  A.  M.,  J.  Tonascia,  S.  Tonascia,  C.  H.  Libauer, 

G.  M.  Cauthen,  J.  A.  Markowitz,  and  S.  Weida 
FOREIGN  SERVICE  HEALTH  STATUS  STUDY:  EVALUATION  OF  HEALTH 
STATUS  OF  FOREIGN  SERVICE  AND  OTHER  EMPLOYEES  FROM  SELECTED 
EASTERN  EUROPEAN  POSTS 

Final  Report,  July  31,  1978,  Contract  No.  6025-619073,  Dept,  of 
Epidemiology,  School  of  Hygiene  and  Public  Health,  The  Johns 
Hopkins  University,  Baltimore,  MD  (1978)  (See  "Epidemiologic" 
for  analysis.) 

Oscar,  K.  J.,  S.  P.  Gruenau,  M.  T.  Folker,  and  S.  I.  Rapoport 
LOCAL  CEREBRAL  BLOOD  FLOW  FOLLOWING  MICROWAVE  EXPOSURE 
Presented  at  the  Bioelectromagnetics  Symposium,  U.  of 
Washington,  Seattle,  WA,  18-22  June  1979  (See  "Nervous  System 
(Blood-Brain  Barrier)"  for  analysis.) 

Pazderova,  J. 

WORKERS'  STATE  OF  HEALTH  UNDER  LONG-TERM  EXPOSURE  TO 
ELECTROMAGNETIC  RADIATION  IN  THE  VHF  BAND  (30-300  MHz) 

Pracovni  Lekarstvi  (in  Czech),  Vol.  23,  No.  8,  pp.  265-271 
(1971).  English  translation:  JPRS  No.  UDC 

616-001.228.1-057-07  (1971)  (See  "Epidemiologic"  for  analysis.) 


(9)  8I0CHEMICAL/PHYSI0L0GICAL 
List  of  Analyses  (continued) 


Pazderova,  J.,  J.  Pickova,  and  V.  Bryndova 

BLOOD  PROTEINS  IN  PERSONNEL  OF  TELEVISION  AND  RADIO 

TRANSMITTING  STATIONS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  281-288  (1974)  (See  "Epidemiologic"  for  analysis.) 

Robinette,  C.  D.  and  C.  Silverman 

CAUSES  OF  DEATH  FOLLOWING  OCCUPATIONAL  EXPOSURE  TO  MICROWAVE 
RADIATION  (RADAR)  1950-1974 

In  D.  G.  Hazzard  (Ed.),  SYMPOSIUM  ON  BIOLOGICAL  EFFECTS  AND 
MEASUREMENT  OF  R A D I  0 F R EQ UE N C Y / M I C RO W A V E S  ,  Dept,  of  Health, 
Education,  and  Welfare,  Washington,  D.  C.,  HEW  Publication 
No.  (FDA)  77-8026  (1977)  (See  "Epidemiologic"  for  analysis.) 

Sadchikova,  M.  N. 

CLINICAL  MANIFESTATIONS  OF  REACTIONS  TO  MICROWAVE  IRRADIATION 
IN  VARIOUS  OCCUPATIONAL  GROUPS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  261-267  (1974)  (See  "Epidemiologic"  for  analysis.) 

Siekierzynski,  M. 

A  STUDY  OF  THE  HEALTH  STATUS  OF  MICROWAVE  WORKERS 
In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  273-280  (1974)  (See  "Epidemiologic"  for  analysis.) 


136 


<11>  MECHANISMS  OF  INTERACTION 


List  of  Analyses 


Bawin,  S.  M.  and  W.  R.  Adey 

SENSITIVITY  OF  CALCIUM  BINDING  IN  CEREBRAL  TISSUE  TO  WEAK 

ENVIRONMENTAL  FIELDS  OSCILLATING  AT  LOW  FREQUENCY 

Proc.  Nat.  Acad.  Sci.,  Vol.  73,  No.  6,  pp.  1999-2003  (1976) 

(See  "Nervous  System  (Calcium  efflux)"  for  analysis.) 

Bawin,  S.  M.,L.  K.  Kaczmarek,  and  W.  R.  Adey 

EFFECTS  OF  MODULATED  VHF  FIELDS  ON  THE  CENTRAL  NERVOUS  SYSTEM 
Ann.  N.Y.  Acad.  Sci.,  Vol.  247,  pp.  74-81  (1975)  (See  "Nervous 

System  (Calcium  efflux)"  for  analysis.) 

Sheppard,  A.  R.,  S.  M.  Bawin,  and  W.  R.  Adey 

MODELS  OF  LONG-RANGE  ORDER  IN  CEREBRAL  MACROMOLECULES:  EFFECTS 

OF  SUB-ELF  AND  OF  MODULATED  VHF  AND  UHF  FIELDS 

0048-6604/79/ 1 1 1 2-S021 ,  Radio  Sci.,  Vol.  14,  No.6S, 

pp.  141-145  (1979)  (See  "Nervous  System  (Calcium  efflux)"  for 

analysis.) 


(14)  REVIEW 
List  of  Analyses 


Sadc  h i kova,  M.  N. 

CLINICAL  MANIFESTATIONS  OF  REACTIONS  TO  MICROWAVE  IRRADIATION 
IN  VARIOUS  OCCUPATIONAL  GROUPS 

In  P.  Czerski  et  al.  (eds.),  BIOLOGIC  EFFECTS  AND  HEALTH 
HAZARDS  OF  MICROWAVE  RADIATION,  Polish  Medical  Publishers, 
Warsaw,  pp.  261-267  (1974)  (See  "Epidemiologic"  for  analysis.) 
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FJH  V  !  C  A  L  H  t  T  H  i .)  D  S  /  D  0  S  I  M  C  T  k  Y 


Hagmann,  M.  J.  and  0.  P.  Gandhi 

NUMERICAL  CALCULATION  OF  F L C T R OM A G N E T I C  ENERGY  DEPOSITION  IN 
MODELS  OF  MAN  WITH  GROUNDING  AND  REFLECTOR  EFFECTS 
0048-6604/ 79/ 1 1 1 2-S005,  Radio  Sci.,  Vol.  14,  No.  6S,  pp.  23-29 
(1  979  ) 

Study  type:  (16)  Physical  met  hods/ dos i met r y;  BLOCK  MODELS; 

HUMAN 

Effect  type:  Theoretical  calculations  of  RFR  energy-absorpt i on 

distributions  in  humans  near  ground  and  other  reflectors 

F r e quen c y / wa ve l en g t h :  10  MHz  to  1  GHz 

Modulation:  Presumably  CW 

Power  Densities:  Not  applicable 

SAR:  See  results 

Exposure  conditions:  Not  experimental 

AUTHOR  ABSTRACT:  Image  tneory  has  been  used  to  obtain 

moment -met  hod  solutions  of  the  deposition  of  electromagnetic 
energy  in  standard  man  as  a  function  of  grounding  and  reflector 
effects.  The  calculated  values  are  in  good  agreement  with 
experimental  data.  For  the  electric  vector  parallel  to  the 
long  axis  of  the  body,  the  resonant  frequency  of  standard  man 
sniffs  from  77  MHz  in  free  space  to  47  MHz  when  standing  on  a 
ground  plane.  The  dependence  of  reflector  effects  on  spacing 
and  frequency  are  in  agreement  with  the  gain  enhancement 
calculated  for  dipoles  by  antenna  theory. 

OTHER  INFORMATION:  The  Hagmann  et  al.  (1979)  homogeneous, 
180-cell  block  model  of  the  "standard"  man  was  used  in 
conjunction  with  either  a  ground  plane  or  one  or  more 
reflectors,  all  of  which  were  assumed  to  be  infinite  and 
perfectly  conducting.  For  calculations,  these  planes  were 
replaced  with  appropriately  located  images  of  che  model.  For 
the  model  in  conductive  contact  with  the  ground  plane,  the 
whole-body  resonance  is  at  47  MHz  at  which  the  average  SAR  is 
32.5  percent  higher  than  at  77  MHz,  the  resonance  in  the 
absence  of  the  ground  plane.  Part-body  resonances  are  also 
evident,  with  the  effect  greatest  in  the  legs  and  neck  and 
least  in  the  head.  However,  such  ground-plane  effects  are 
largely  eliminated  if  conductive  contact  with  the  ground  is 
removed.  In  the  presence  of  reflectors,  the  whole-body  SAR 
depends  on  the  spacing  in  wavelengths  of  the  body  from  the 
reflectors.  In  general,  the  whole-body  SARs  are  enhanced  by 
about  the  same  amount  as  the  ratio  of  the  effective  area  of  a 
dipole  in  the  presence  of  such  reflectors  to  the  area  in  their 
absence,  but  the  values  for  the  model  show  a  pronounced 
roll-off  at  higher  frequencies  than  the  corresponding  values 
for  a  thin  dipole  of  the  same  length,  presumably  because  of  the 
lateral  extent  of  the  model.  However,  the  relative 
distribution  of  SAR  within  the  model  is  not  greatly  affected  by 
the  presence  of  such  reflectors.  The  authors  also  mention  that 
for  certain  combinations  of  length  and  width  of  reflecting 


sneets,  a  finite  corner  reflector  may  exhibit  far  higher  gain 
( ->  u  o  f  r  ij  a  i  n  )  than  a  similar  reflector  of  infinite  extent. 

‘•'INAL  CRITIQUE:  Th"  results  of  this  theoretical  study  are 
interesting  as  far  as  they  go.  However,  their  applicability  to 
:  Tv-est  i  gat  i  ons  of  bioeffects  of  RFR  appear  to  be  limited  to 
very  few  if  any  realistic  exposure  situations,  not  only  because 
of  the  assumption  of  infinite,  perfectly  conducting  planes,  but 
also  because  of  the  sensitivity  of  the  results  to  the  distance 
of  the  model  (in  wavelengths)  from  such  planes.  For  example, 
significant  whole- body  SAR  enhancement  would  occur  primarily  if 
a  subject  is  fortuitously  located  relative  to  a  corner 
reflector  or  is  in  conductive  contact  with  a  highly  conductive 
region  of  the  ground.  The  authors  also  state  that  effects  of 
finite  conductivity  have  not  been  treated  yet. 

REFERENCES:  0018-9480/79/0900-0804,  Hagmann,  M.  J., 

0.  P.  Gandhi,  and  C.  H.  Durney,  NUMERICAL  CALCULATION  OF 
ELECTROMAGNETIC  ENERGY  DEPOSITION  FOR  A  REALISTIC  MODEL  OF  MAN, 
IEEE  Trans.  Microwave  Theory  and  Tech.,  Vol.  27,  No.  9,  pp. 
804-809  (1979) 


Hagmann,  M .  j.,  0.  P.  Gandhi,  and  C.  H.  Durney 

NUMERICAL  CALCUIATION  OF  E L E C r R 0 M A G N E FI C  ENERGY  DEPOSITION  FOR  A 
REALISTIC  MODEL  OF  MAN 

0018-9480/79/0900-0804,  IEEE  Trans.  Microwave  Theory  and  Tech., 
Vol.  27,  No.  0,  pp.  804-809  (1979) 

Study  type:  (16)  Physical  met hods/dosi met r y;  BLOCK  MODEL; 

HUMAN 

Effect  type:  Calculations  of  whole-body  SAR  and  SAR 

distributions  in  a  block  model  of  man 
Frequency/wave1,  ength:  1  0  to  600  MHz 

Modulation:  CW  tacitly  assumed 

Power  Densities:  Not  relevant. 

SAR:  Various  whole- body  and  distributed  SARs  cited 

Exposure  conditions:  Elect'  >  c  vector  parallel  to  the  long 

(symmetric)  axis  of  the  model  and  propagation  from  front  to 
back 

AUTHOR  ABSTRACT:  Numerical  calculations  of  absorbed  energy 

deposition  have  been  made  for  a  block  model  of  man  that  is 
defined  with  careful  attention  given  to  the  biometric  and 
anatomical  features  of  a  human  being.  Calculated  post-resonant 
absorption  and  d  i  s  t  r  i  hu  *•  i  or  of  energy  deoosi  *■  1  on  through  the 
body  have  better  agreement  with  experimental  results  than 
previous  calc u . at i ons  made  using  less  realistic  models. 

OTHER  INFORMATION:  The  authors  used  a  total  of  180  cubical 

cells  of  various  sizes  to  o  b  t  .a ;  n  a  best  fit  to  the  contour  of 
the  "standard"  man  (  i  .  7  'i  m  high).  They  assumed  a  symmetry 
plane  between  the  '  ’ft  and  right  sides  to  '■educe  the  number  of 
cells  n  e  e  d  e  d  for  calculations  to  90,  p  o i n  t i n  g  out  that  the 
solutions  are  on!  »  a  p  p  l  i  -able  for  incident  fields  in  which  both 
the  electric  and  p  r op. a  gat i on  vectors  are  in  the  symmetry  plane. 
The  comp1  ex  pf»i  1 1  i  v  :  ty  was  assumed  to  be  homogeneous  within 
each  cell,  and  the  v  o !  i  m  ° - w  e : g  h  t  e  d  value  f  o  r  each  cell  was 
determined  from  tissue  properties  reported  in.  the  literature. 
Unlike  p  r  e  v*  ous  o I  i  '  1  e  s  a  1 1 :  *  i  o  n  ■.  ,  w  n  •'  -  h  ha  d 

energy  - deoos’  r  i  an  1  i  f  '  ■’  •••  e  n  .  g  between  adjacent  cells  as  high  as 
2  3  9:1  (at  10  M.i  z )  .a  ■  ■  j  7  h  e  r  e  h  >  render  e  d  the  cell-homogeneity 
assumption  que  .  t  i  on  i  o 1  <•  ,  too  present  model  yielded  a  maximal 
ratio  of  8:1.  The  w  ho  ■  e - b o d  y  SAR  values  obtained  for  the 
region  below  '  e  a  o  r>  .a  n  :  e  .are  within  10  percent  of  those 
calculated  for  prolate- spheroidal  and  ellipsoidal  models,  and 
also  show  the  1/f  dependence  found  experimentally.  However, 
the  block  models  permit  far  see  a  r  curate  calculations  of  SAR 
distributions. 

FINAL  CRITIQUE:  This  paper  is  a  representative  example  of  a 

number  of  papers  by  these  and  other  investigators  on  the 
subject  of  theoretical  calculations  of  whole-body  SAR  and 
internal  SAR  distributions,  :> !  .  >  w ;  n  g  the  significant  progress 
being  made  in  relating  energy  absorption  rates  to  incident 
power  densities.  Excellent  reviews  of  the  subject  are  given  by 
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1 


Durney  (1980)  and  Gandhi  (1980).  However,  these  treatments 
yield  numerical  data  only  on  energy-absorption  distributions, 
and  not  on  actual  temperature  distributions  that  would  occur 
for  in-vivo  exposures,  because  the  analyses  do  not  account  for 
heat  removal  mechanisms  such  as  by  blood  circulation. 
REFERENCES:  0018-9219/80/0100-0033,  Durney,  C.  H., 

ELECTROMAGNETIC  DOSIMETRY  FOR  MODELS  OF  HUMANS  AND  ANIMALS:  A 
REVIEW  OF  THEORETICAL  AND  NUMERICAL  TECHNIQUES,  Proc.  IEEE, 

Vol .  68,  No.  1,  pp.  33-40  (1980) 

0018-9219/80/0100-0024,  Gandhi,  0.  P.,  STATE  OF  THE  KNOWLEDGE 
FOR  ELECTROMAGNETIC  ABSORBED  DOSE  IN  MAN  AND  ANIMALS, 

Proc.  IEEE,  Vol.  68,  No.  1,  pp .  24-32  (1980) 
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Hagmann ,  M  .  j  .  ,  0  .  P  .  G 
HEAD  RESONANCE:  NiiMLF  I 

0018-9480 / 79 / 0900-0809 , 
V  o  l  .  2  7,  No.  9  t  p  p  .  8  0 C) 
Study  type:  (16)  P h v c : 

HOMAN;  IN-VIVO  RAT 
Effect  type:  Theoretic 

SARs  for  attached  and  ; 
F  requency/wavel enqth: 
Modulation;  Presumaru  y 
Power  D  e  n  s  i  '  i  e  s  :  I)  o  to 

S  A  R  :  See  <-  e  s  <  i  l  t  s 
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p  rop.iii  i '  i  on ,  Mit  the  SAR  data  cited  are  for  2.45  GHz  only,  not 
for  a  range  of  frequencies  necessary  to  reveal  a  peak.  They 
also  measured  colonic  arid  brain  temperatures  in  anesthetized 
rats  (at  2. AS  GHz),  and  found  that  the  ratio  of 
h ea d- t o- w ho l e- body  heat  content  for  the  anesthetized  rat  is 
smaller  than  for  the  dead  rat,  and  ascribe  this  finding  to 
b  1  o  o  :l  circulation  in  the  former. 

FINAL  CRITIQUE:  As  stated  by  the  authors,  the  calculated 
resonance  at  3 7 5  MHz  of  the  attached  human  head  for  head-to-toe 
«  ropaga !  nr  ;  l  > w  e  :•  than  the  450  MHz  value  calculated  by 
J  nines  and  Spiegel  ( 1  c  ;  4  )  for  the  10-cm  multilayered  spherical 
model  of  the  isolated  head.  However,  their  experimental 
corroboration  is  not  as  strong  as  they  imply.  Specifically, 
examination  of  their  four  experimental  points  shows  that  the 
resonant  frequency  is  somewhere  between  400  and  450  MHz,  and  it 
Is  difficult  to  estimate  the  average  SAR  at  this  frequency. 
Thus,  their  conclusion  that  energy  absorption  in  the  head  is 
strongly  dependent  on  the  presence  of  the  rest  of  the  body, 
though  orobably  true,  is  weakened.  Although  such  studies  of 
head  resonances  based  on  averaged  SARs  are  useful,  the 
calculated  SAR  distributions  within  the  head,  which  are  not 
discussed,  would  be  of  greater  significance  with  regard  to 
possi,  ■-  RFR  b  fleets.  In  this  context,  see  for  example, 

R uk s po l L mua ng  and  Cheng  (1979).  Regarding  the  experimental 
work  with  rats,  the  results  are  too  few  in  number  to  permit  any 
conclusions  that  were  not  known  or  surmised  from  prior  work. 
REFERENCES:  0018-9480/7  9/  0900-0804,  Hagmann,  M.  J., 

0.  P.  Gandhi,  and  C.  H.  Ourney,  NUMERICAL  CALCULATION  OF 
ELECTROMAGNETIC  ENERGY  DEPOSITION  FOR  A  REALISTIC  MODEL  OF  MAN, 
ILL  L  Trans.  Microwave  Theory  and  Tech.,  V  o l .  27,  No.  9 , 
up.  804-809  (1979) 

Joines,  W.  T.  and  R.  J .  Spiegel,  RESONANCE  ABSORPTION  OF 
MICROWAVES  BY  THE  HUMAN  SKULL,  IEEE  Trans.  Biomed.  Eng., 

V  o l .  21,  No.  1,  pp.  46-48  (1  974  ) 

0048-6604/  79/  1  1  1  2-S009,  Rukspol  Imuang,  S.  and  K.-M.  Chen, 
HEATING  OF  SPHERICAL  VERSUS  REALISTIC  MODELS  OF  HUMAN  AND 
INFRAHUMAN  HEADS  BY  ELECTROMAGNETIC  WAVES,  Radio  Sci.,  Vol.  14, 
No.  6  S ,  pt.  51  -62  (1979  ) 
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Kritikos,  H.  N.  and  H.  P.  Schwan 

FORMATION  OF  HOT  SPOTS  IN  MULTILAYER  SPHERES 

IEEE  Trans.  Biomed.  Eng.,  Vol.  22,  pp .  168-172  (1976) 

Study  type:  (16)  Physical  methods/dosimetry;  SPHERICAL 

MODELS;  HUMAN 

Effect  cype:  SAR  distributions  in  multilayer  spherical  models 
of  t  h v  human  head 

Frequency/wavelength:  About  SO  MHz  to  10  GHz 

Modulation:  Assumed  CW 

Power  Densities:  Not  relevant 

SAR:  See  results 

Exposure  conditions:  Not  experimental 

AUTHOR  ABSTRACT:  A  theoretical  study  of  the  distribution  of 
the  normalized  heating  potential  resulting  from  a  plane  wave 
incident  in  a  multilayered  sphere  simulating  a  human  head  with 
skin,  fat,  bone,  and  brain  tissue  layers  has  been  undertaken. 

It  was  found  that  for  spheres  of  radii  10  cm  and  5  cm  a 
relative  peak  of  the  normalized  heating  potential  occurs  in  the 
vicinity  of  the  center  of  the  sphere.  For  the  case  of  the  5  cm 
sphere  in  the  range  of  frequencies  400  MHz  to  2.76  GHz  the 
maximum  value  of  the  heating  potential  occurs  at  the  center 
suggesting  the  possibility  of  a  hot  spot.  A  comparison  between 
the  multilayer  and  a  single  layer  model  shows  that  the  maximum 
values  of  the  heating  potential  are  the  same. 

OTHER  INFORMATION:  The  model  treated  in  this  paper  is  a 
refinement  of  the  homogeneous  sphere  analyzed  previously  by 
these  investigators  (Kritikos  and  Schwan,  1975).  It  consists 
of  concentric  spherical  layers  having  thicknesses  and  the 
dielectric  constant  and  electrical  conductivity  values 
approximating  those  for  the  skin,  subcutaneous  fat,  skull,  and 
brain  of  a  human.  As  in  the  previous  paper,  the  authors 
present  their  results  in  terms  cf  the  "normalized  differential 
absorption  cross  section,"  delta-S,  which  they  define  as  the 
power  absorbed  per  unit  volume  (W/cm.3)  per  unit  of  incident 
power  density  (W/cm.2),  which  is  equivalent  to  the  SAR  if  the 
density  of  all  tissues  is  taken  as  1  g/cm.3.  For  the 
10-cm-radius  multilayer  sphere,  delta-S  is  highest  at  the 
surface,  on  the  axis  pointing  toward  the  source,  for  all 
frequencies,  and  for  the  5-cm  sphere,  the  maximum  delta-S 
occurs  within  the  sphere  ("hot  spot")  but  only  within  the 
frequency  range  from  about  400  MHz  to  2.76  GHz.  These  results 
are  consonant  with  the  general  treatment  of  the  homogeneous 
sphere  in  the  previous  paper,  with  only  minor  differences  in 
internal  distributions  of  delta-S  between  the  two  models. 

Again  the  authors  indicate  that  the  "hot  spot"  results  for  the 
5-cm  sphere  are  pertinent  to  heads  of  human  infants,  and  they 
emphasize  that  actual  temperature  rises  would  be  lower  than 
delta-S  values  because  of  heat  removal  mechanisms  not  included 
in  their  calculations.  The  authors  also  provide  a  brief  review 


I  T  R 


i 


it  tie  r  e  3  u I  ' s  of  other  theoretical  treatments  of  homogeneous 
mi  multilayered  plane  and  spherical  models  of  various  radii 
f  or  various  frequencies. 

FINAL  CRITIQUE:  As  is  true  for  the  previous  paper,  the  results 
are  significant  qualitatively  and  also  quantitatively  to  the 
extent  that  the  multilayer  sphere  models  the  structure  and 
constituents  of  actual  heads.  However,  because  heat  removal 
mechanisms  are  not  accounted  for  in  these  treatments,  the 
numerical  results  are  not  applicable  to  in-vivo  exposure 
situations. 

REFERENCES:  Kritikos,  H.  N.  and  H.  P.  Schwan,  THE  DISTRIBUTION 

OF  HEATING  POTENTIAL  INSIDE  LOSSY  SPHERES,  IEEE 
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N'inpfrat  ure  r  i  c  s ,  which  would  be  lower  because  of  heat 
d  i  tf  is  ion  and  heat  convection  due  to  blood  flow. 

FINAL  CRITIQUE:  This  is  a  representative  theoretical  paper 
dealing  with  the  important  subject  of  internal  regions  of 
maximum  RFR  energy  absorption  ("hot  spots")  in  the  head.  A 
later  paper  by  these  authors  (Kritikos  and  Schwan,  1976) 
describes  the  results  for  a  multilayered  spherical  model.  Such 
results  are  significant  qualitatively,  and  also  quantitatively 
to  the  extent  that  these  models  simulate  the  structures  and 
internal  constituents  of  actual  heads.  More  recent  theoretical 
treatments  of  SAR  distributions  in  the  isolated  and  attached 
head,  based  on  so-called  block  models,  are  given  by 
Rukspol Imuang  and  Chen  (1979)  and  Hagmann  et  a  l  .  (1979), 

respectively.  However,  none  of  these  treatments  account  for 
modifications  due  to  the  presence  of  heat-removal  mechanisms, 
so  the  numerical  results  are  not  applicable  to  in-vivo  exposure 
situations. 

REFERENCES:  00 1 8 - 9 A 8 0 / 79 / 0900- 08 09  ,  Hagmann,  M.  J., 

0.  P.  Gandhi,  J.  A.  D'Andrea,  and  I.  Chatterjee,  HEAD 
RESONANCE:  NUMERICAL  SOLUTIONS  AND  EXPERIMENTAL  RESULTS,  IEEE 

Trans.  Microwave  Theory  and  Tech.,  Vol.  27,  No.  9,  pp.  809-813 
(1979) 

Kritikos,  H.  N.  and  H.  P.  Schwan,  FORMATION  OF  HOT  SPOTS  IN 
MULTILAYER  SPHERES,  IEEE  Trans.  Biomed.  Eng.,  Vol.  22, 

PP.  168-172  (1976) 

0048  -  660 A / 79 / 1 1 1 2 - S 009  ,  R u k s po 1 1 muan g  ,  S.  and  K.-M.  Chen, 
HEATING  OF  SPHERICAL  VERSUS  REALISTIC  MODELS  OF  HUMAN  AND 
INFRAHUMAN  HEADS  BY  ELECTROMAGNETIC  WAVES,  Radio  Sci.,  Vol.  14, 
No.  6  S ,  op.  5  1  -  62  (  1  979  ) 
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i  r  •  i  »•  v .?  r  t>  g  ■  i'  i  were  low  compared  to  the  rate  in  the  bony 
.  ‘  '■  i  i  ■:  t  u  r  e  .  With  the  latter  absent,  the  absorption  rate  in  the 
h  r  j i n  was  about  4  3  percent  higher.  The  results  at  2450  MHz 
1 1 .!  irate  that  maximum  absorr.  tion  occurs  near  the  proxima  _ 

■;,u  face,  with  relatively  little  absorption  in  the  brain.  The 
■author^  a'  so  note  that  absorption  in  the  eye  regions  is 
relative' y  low,  even  though  the  eyes  are  near  the  proximal 
surface,  because  of  the  presence  of  the  surrounding  bone 
region.  Qualitatively  similar  results  were  obtained  at  2450 
MHz  for  an  animal  head  model  having  half  the  dimensions  cited 
above  . 

FINAL  CRITIQUE:  The  results  for  the  spherical  block  models  are 
qualitatively  consistent  with  those  obtained  for  multilayered 
spherical  models,  e .  g . ,  those  of  Kritikos  and  Schwan  (1976), 
including  the  displacement  of  the  region  of  maximum  energy 
absorption  toward  the  front  surface  as  the  frequency  is 
increased.  However,  as  implied  by  the  authors,  the  utility  of 
the  basic  approach  is  dependent  on  the  use  of  cube  sizes  that 
are  comqarable  to,  or  smaller  than,  the  skin  depth.  The  major 
contribution  of  this  paper  is  the  use  of  the  block  approach  on 
;  nv  o no  gene  ■->  us  head  models  having  contours  and  internal 
structures  that  correspond  more  closely  to  actual  heads  than 
a  o  h « r ;  .  a ;  mute's.  Especially  interesting  are  the  results 
;  n  j  •  :  i  -  ;  q  *  ;  a  *  the  absorption  rates  are  significantly  higher 
:  n  the  bone  t  r  u  c  r  u  r  e  s  than  in  the  brain  and  eye  regions, 
:mn/ing  ’hit  the  skull  tends  to  shield  the  brain  and  eyes  to  a 
: o  n  s i d e  r . )  b l e  extent,  at  least  for  the  two  frequencies  studied. 
Experimental  verification  of  these  results  would  be  most 
j  s  e  f  u  I  . 

REFERENCES:  Kritikos,  H.  N . ,  and  H.  P.  Schwan,  FORMATION  OF 

HOT  SPOTS  IN  MULTILAYER  SPHERES,  IEEE  Trans.  Biomed.  Eng., 

Vol.  22,  no.  168-172  (1976) 
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